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PREFACE. 



-•o*< 



Tms little book on Botany has been prepared with the 
intention of supplying young boys and girls with a 
simple introduction to the study of plants. It is 
written in as plain language as possible ; but when we 
consider the almost infinite varieties of form and 
arrangement which the different parts of plants as- 
sume, and the absolute necessity of giving a name to 
each variation, in order that tiiey may be properly 
described and recognised, it is clear that in a book on 
botany, however elementaj^, the use of certain technical 
terms is essential, and could not therefore be avoided 
in the present work. But we have endeavoured to 
express their meaning in such a way as to be quite in- 
telligible to any boy or girl beyond the age of twelve 
years, who has even received but a moderately good 
education. 

This elementary work has been limited to a descrip- 
tion of the forms and structure of the various parts of 
plants ; their study must necessarily precede idl other 
departments of botany, and form Uxe foundation to a 
knowledge of the names, arrangement, properties, and 
uses of plants, as also of the laws which regulate their 
life. The consideration of these latter departments we 
leave for the present, but with the hope of being able 
to treat of them hereafter in a second elementary 
book on botany. As now designed, the present work 
is especially calculated to form a simple introduction 
to the use of the Bev. G. A. Johns* <* Flowers of th^ 
Field," already published by tii^ ^o^iSfiX.-^ iot^^ws^si^xsisi. 
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Christian Knowledge, and the author's '^Manual of 
Botany." 

No study is better calculated than that of plants to 
sharpen the powers of observation in the minds of 
youth, and to lead to methodical habits and accurate 
discrimination. There is, moreover, nothing repulsive 
in plants, but their beauty at once attracts attention ; 
and as they may be found everywhere and at all seasons 
of the year, their study will afford an endless source of 
interest, and add increasing pleasure to our daily 
walks. 

It seems impossible that any one with a properly 
regulated mind could contemplate the beautiful forms 
and arrangements of the different parts of plants, the 
wonderful ways in which they adapt themselves to the 
conditions under which they are placed, and their 
influence in nature, without having his thoughts elevated 
from these manifest evidences of God's work to Him 
who designed them, and without being satisfied to rest 
in faith, and in the full belief that He who has thus 
clothed the plants of the field will never be unmindful 
of him — ^His noblest work — a being endowed with a 
soul, and adapted for a higher and happier existence 
hereafter. 

In conclusion, the author cannot but very strongly 
urge upon those who have any influence in directing 
the teaching of the young, that a study possessing so 
many advantages as botany, should form a branch of 
elementary education in all schools. 



London, May^ 1876, 
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GENERAL INTRODUCTION. 

The study of the various bodies which are placed on 
the surface of the earth, or which combine to form its 
substance, constitutes what is called Natural History. 
These different substances are at once readily arranged 
in three great divisions, which are respectively charac- 
terised as the Aninialy Vegetable, and Mineral Kingdoms ; 
and as those comprised in .the two former are living 
bodies, they are also termed Organicy while those of the 
latter division, not being endowed with life, are called 
Inorganic. Botany is the science which treats of the 
lower members of the Organic world, termed Plants or 
Vegetables; and it embraces the study of everything 
which has reference to them, whether in a living or 
fossil state. Thus, it investigates their forms and struc- 
ture ; the laws which regulate their life and distribution 
at the present time, and in past ages of the world's 
history ; and also includes their arrangement and classi- 
fication, and a description of their properties and uses. 
In this elementary work we only propose to treat very 
briefly, and in the simplest possible language, of the 
forms and structure of plants and their parts or organs, 
leaving for another volume their classification, proper- 
ties, and uses. The department of botany now to be 
treated of is technically called O^^jscka^wgcc^ ^ ^a^sSs. 
compmes the study oi ^ke o\>Xs^«t^ teaaa* ^sisaSs. 
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internal structure of plants and their various parts or 
organs. 

Organography, or, as its name implies, that depart- 
ment of botany which relates to the description of the 
organs of plants, is again subdivided into Morphology, 
or that part which has reference to their outward forms; 
and Structural Botany, which includes all that relates 
to their internal struct^e. 

We shall commence with Morphology, as this part of 
our subject will be best understood by those who are 
commencing the study of botany. 



ORGANOGRAPHY; OR DESCRIPTION OP THE 

ORGANS OP PLANTS. 



PAET I. 

MOBPHOLOGY OP PLANTS ; OR MORPHOLOGICAL BOTANY. 



CHAPTEK I. 

INTEODUCTORY. 



Before proceeding to describe more in detail the various 
organs of plants in their proper order, we will, in this 
introductory chapter, first trace their development from 
the rudimentary state in which they exist in the seed; 
then proceed to their general description ; and conclude 
with a sketch of the characters of the principal sub- 
divisions of plants. 

We commence with a general description of the seed. 
If we take an Almond and blanch it, as it is commonly 
called, we foid that this seed is composed of two 
parts — a brownish skin or seed-coat, which we have 
removed in blanching, and a large white fleshy mass 
situated within this, to which the name of embryo has 
been given. This embryo is the most important part of 
the seed, as it contains in itself all the fundamental 
organs of the future plant in a rudimentary state, and 
also a portion designed for their nourishment in the 
early stage of their growth — ^that is, before tk<s^ 'sst^^ 
suffioientlj developed to \)ecoiaftm^'ek^^\AeQ^»«si^^sQ3S'^f3^ 



10 ELEKENTABY BOTAKT. 

tbemBelves. The constitncut ports of the embryo of 

the Almond are as follovra :-— 1st. Two fleshy lobea, of 
equal aizo and shape (fig, 1, e d), which form by far the 
greater portion of the eeed, and which may be readily 
separated from each other. To these lobes the name of 
seed-leaves or cotyledons has been given ; they are also 
called nnrsing leayes, hecaaae they are reservoirs of 
nutriment for the parts of the rudimentary plant in the 
early stage of their growth. 2nd. Between these lobeS 
at their lower part, and connecting them together, ws 
find a small central axis with two opposite extrem- 
ities, the lower rounded, r, called the radicle, and the 
upper extremity, g, which is terminated by two or 
more mdimentiiry leaves, is termed the plumule or 
gemmule. 




—Embryo of the Almond from which one of the cotyledons 
removed c. cotyledon which has been left; d, scar loft 
by the removal of the other cotyledon 
Kg. 2.— Vertical section of the froit ._. .. , 

t, integomenta oc Bced-coats ; a, ^bnmen ; c, cotyledon ; j 
r,iadide. Fig. 3. — Beedaftergerminatjon: cc,CDt,yledDn 

22ie emhrjo of all seeds is necessarily composed of a 
■ndm/e, plamale, and cotyledonary body ■, hut the Utter 
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is not always divisible into two parts — thus in the Oat 
it is undivided (fig. 2, c). And from this difference in 
the structure of the embryo we divide flowering plants — 
that is, those that are reproduced by seeds — into two 
great classes, which are technically termed Dicotyledons 
■two cotyledons) (figs. 1 and 8, c), and Monocotyledons 
[o7ie cotyledon) (fig. 2, c). All other plants, such as 
Ferns, Mosses, and Sea- weeds, have no true flowers or 
seeds, and have, therefore, no cotyledons, and accord- 
ingly form a class by themselves called Acotyledons 
{without cotyledons). These are the throe great divisions 
of plants. 

When a seed is placed under favourable conditions 
its embryo (fig. 8) developes in a downward direction 
from the radicle, while the upper part grows upwards, 
carrying the plumule with it, and at the same time the 
cotyledonary portion becomes developed, and forms the 
first leafy organs. This development of the embryo 
constitutes what is called the process of germination. 
In this way we have formed a central axis, which grows 
in two opposite directions, the lower part of which is 
called the descending aans or root, r, and the upper, the 
ascending aads or stem, s. Upon this stem all the future 
organs of a plant are placed; thos^ which directly 
succeed the cotyledons, c c, constitute the first true 
leaves, Z, of the plant, and all which succeed these 
leaves, such as the parts of the flower, are simply 
modifications of those organs which have preceded them, 
designed for special purposes. Hence the three organs, 
namely, root, stem, and leaves, which originally exist in 
a rudimentary state in the embryo, are termed the 
fundamental organs of the plant, or from the fact of 
their having for their object the nutrition and develop- 
ment of the plant to which they belong; they are also 
called organs of nutrition or vegetation; while the parts 
of the flower having assigned to them the office of re- 
producing the plant by the formation of seeds, are 
termed organs of reproduction^ 

In like manner we haTe m "Petn^a^ ^wai^ cKJast ^^-^^^^^^ 
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plants, two distinct series of organs — one for nutrition, 
and another for reproduction. Hence in describing 
the organs of all plants we arrange them in two 
divisions, as follows: — 1. Organs of Nutrition; and 
2. Organs of Beproduction, It is now necessary, be- 
fore describing these several organs more in detail, 
that we should briefly define them, and explain the 
terms by which their principal modifications ore 
described. 

1. Obgans of Nutbition. — a. The Boot, — The root 
(fig. 8, r) is that part of a plant which at its first develop- 
ment in the embryo takes a direction opposite to the 
stem, avoiding the light and air, and therefore termed 
the descending axis, and fixing \hQ plant to the soil or 
to the substance upon which it grows, or floating in the 
water when the plant is placed upon the surface of that 
medium. 

6. The Stem. — The stem (fig. 8, s) is that organ 
which at its first development passes upwards, seeking 

the light and air, and hence termed 
the ascending axis, and bearing on 
its surface leaves, Z, and other leafy 
appendages. In the angle formed 
by the junction of the upper surface 
of the leaf with the stem, a little 
more or less conical body called 
a leaf -hud (fig. 4, h) is commonly 
placed. It is in the presence of 
leaves and leaf-buds that we find 

brSli'^^ffi°°.^d tJie essential characters of a stem, 
bud&. as both these parts are absent in 

a root. The larger divisions of a 
stem are called branchesj and the small ramifications 
ttvigs, 

c. The Leaf — The leaf is commonly a more or less 

flattened expansion of the stem or branch (fig. 4, 1), and 

the point from which it arises is called a node. The 

mojsi highly developed leaves consist of three parts, 

J^&mely, of an expanded portion, "wbicb. is generally 




INTBODUGTOBT GHAPTEB. 



18 



more or less flattened (fig. 6, I), called the lamina or 
blade ; of a narrower part, by which this blade is con- 
nected with the stem, termed^the petiole or leafstalk^ p; 
and of a third portion at the base of the leaf, which 
exists in the form of a sheath sorroonding the stem 
(fig. 5, d), or as two little leaf-like appendages on each 
side, termed stipules (fig. 6, s s). These three parts 
are not, however^ necessarily present in all leaves, 
one or even two may be absent; the blade is the 
part more commonly found, and which, in ordinary 
language, is generally called tiie leaf. 

Fig. 5. 




Kg. 6.— Leaf wjd piece of the etem of the Water-pepper: 
% lamina; |7, petiole; d, sheath. Fig. 6.— Leaf and portion of a 
■branch of a specieB of Willow : 5r, branch ; I, lamina ; p^ petiole ; 
8 Sf stipules. 

2. Obgans op Reproduction. — a. The Flowei'-Stalk 
or Peduncle; — ^The stalk upon which one or more flowers 
is placed is called ihe floral aocis or peduncle (fig. 7, p) ; 
and if this branches, each stalk bearing a flower is 
termed a pedicel, ped. This axis frequenUy bears upon 
its surface, below the flowers,/, properly so called, ofiier 
leafy orgatis, which are called bracts or ](loTa\iUa\i«,%^>i* 
These bracts may either "be gt^esi, wAm ^sJ^es.^^'s^^'!^^ 
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r^emble the ordinary leaves of the stem or branch, or 

they may differ from sueh 
^^s- 7. leaves in colour and other 

peculiarities. The arrange- 
ment of the flowers upon 
the floral axis is termed 
the inflorescence. 

h. The Flower. — ^A flower 
(flg. 8) in its most complete 
state of development con^ 
sists of four distinct series 
of organs, that is, of two 
internal or essential organs 
of reproduction, o and st^ 
and two external envelop- 
ing organs which are espe- 
cisJly designed for their 
protection (fig. 8, cc and^), 
and which are called the 
floral envelopes. The es- 
sential organs are termed 
the andrcecium and gyncs- 
cium, and the enveloping 
organs calyx and corolla , 
and the part of the axis 
upon which these parts are 

Fig.7.-TheHarebell:i>,ped. f^^^ is caUed the tha^ 
ttnde J pedy pedicel j ft, bract j /, lamus^ t. These four series 
flower, of organs forming the flower 

are arranged as four circles 
upon the thalamus in the following order, from without 
inwards: — 

1. Calyx. 2. Corolla. 8. Androecium. 4. Gynoecium. 

The Calyx (fig. 8, c c) is the circle (or whorl, as it is 
commonly called) of leafy organs forming the outer 
envelope of the flower. Its parts are csdled sepals, 
and these are generally of a green colour, like the 
ordinary leaves of the plant, to which in other respects 
ibeyJbave commonly a great resemblance. 




ITRltODUCIORS CHAPTBB. 



The Corolla is Uie second ^horl or cir(de of leafy 
orgaoB situated within the calyx, and forming the inner 
envelope of the flower (fig. 8, pp). Its parts, which arc 




Tig. S. — Section of Clie flower of Herb-Bobert, a ipccies of 
Qetudum : c c, cbJ^ ; p p, petalg ; it, stamesB ] o, gTnrBCiiuu or 
rtitil, composad of ovary o, Btyle ify, and Btigmu t ; t, thalamus, 
eia. 9. — Flower at Ooosefo«t, 



puEu, compoBsa oi ovary v, n 
rig. fl.— Flower ol Qoosefoet. 

called petah, are commonl; decorated with the richest ' 
eolonra, or some other colour than green, by which 
pectdiarily, and by their more delicate nature, they 
may be nsoally known from the sepals. In such 
fioweis B& the Tulip, Crooua, and more generally in 
monocotyledonoaB plants, the two floral envelopes 
resemble each other in being commonly both coloured 
or petaloid in their nature. In this caee, instead of 
using the terms calyx and corolla, as previously de- 
fined, we speak of the two floral envelopes collectively 
nuder the came oi perianth. 

The floral envelopes are also called the non-essential 
organs of the flower, because their presence is not 
ahsolntely necessary for the production of the seed. 
Sometimes one floml envelope only is present, as in 
the Ooosefoot (fig. 9) ; this is then properly regarded 
as tho calyx, whatever be its colour or other pecoliaritY, 
Bad the flower is described &% a^ela\n\iA. b^* d^^^Kc 
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timea, as in the WQlow and Ash (fig. 10), both floral 
envelopes are abaent, when the flower is termed naked. 




%. 10.— Flower of the o 



The Andrtecium is nituated inside the corolla, 
and recdves its name from constituting Gi6 male 
system of flowering plants. It consists of one or more 
parts called stamens (fig. 8, st), each of which is 
essentially composed of a bag or case caUed the anther 
(fig. 11, a), which contains in its interior e, powdery- 
looking sabstanca called the j>ollen,p; and comxaonly 
also of a little stalk upon which the anther is placed, 
termed the filament, f. 

The Qyruecium, or FUtil as it is also called, receives 
its name icoxa. its constituting the female system of 
flowering plants. It is situated in the centre of the 
flower, and is composed of one or more parts called 
carpel«(figs. 8andl2). Each carpel consist of ahollow 
iufeiior portion, called the ovary (%. 12, o), in which 
are placed one or more little bodies called ovules, ov, 
which ultimately, by impregnation from the pollen, 
become the seeds ; of a stigma or space of rariable size, 
snd uBoaUj distinguished by its loose viscid tissue, 
fJaeb IB eWter placed inunediatelj ou tlie top of the 
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ovary, as in the Barberry (fig. 12, st), or it is situated 
on a stalk-like portion prolonged from the ovary, as in 
the Geranium (tig. 8, sty), caDed the style. 

The stamens ^d carpels are called essential organs, 
because the presence of both is absolutely necessary for 
the formation of perfect seed. It does not, however, 
always happen that a flower possesses both these organs 
— that is, is bisexual; one may be absent, as in tbe 
Willow and Sedge, when the flower is said to be unt- 
seamaly and it is further described as staminate or tnale 
(fig. 70), and pistillate ^ carpellary^ or female (fig. 71), 
according as it contains one or the other of these organs. 

c. The Fruit and Seed, — At a certain period, which 
varies in different flowers, the anther opens and dis- 
charges its pollen upon the stigma, by which the pistil 
is fertilised, and immediately afterwards important 
changes take place in it and the surrounding parts of 
the flower, the result being the production of the fruit. 
The fruit essentially consists of the mature ovary or 
ovaries containing the impregnated ovule or ovules, 
which are then termed seeds. All fruits are composed 
of two parts, namely, of a shell called the pericarp 
(fig. 2, p)y and seed or seeds contained within it. 

The seed or impregnated ovule, is essentially com- 
posed of two parts, namely, of a nucleus or kernel (figs. 
1 and 2), and integuments or seed-coats (fig. 2, t). There 
are commonly two seed-coats, and the nucleus may 
either consist entirely of an embryo or rudimentary 
plant (fig. 1), which is alone essential to it ; or of the 
embryo surrounded by nourishing matter called the 
albumen (fig. 2, a). The parts of the embryo having 
already been described, as well as the mode in which 
the fundamental organs of the future plant are developed 
from them, as also the general characters of these 
organs, we need not further allude to them at present, 
except to remark that the organs as thus defined are 
only found in the most highly developed plants, and 
that such plants are called Phanerog|BLm<^\x% <3t '^SiSBCkS^- 
gamous, literally planta wiJtih gVy^'^tl^ ^e»»3bi^ ^si^S*^- 
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Snch plants are also called Tlowering, and, as already 
noticed, are divided into two classes called Dicoty- 
ledons and Monocotyledons. The third class of plants, 
also preyiously noticed as comprising Ferns, Mosses, 
Sea-weeds, &c, , having no tme flowers or seeds, and there- 
fore without cotyledons, are termed Acotyledons. They 
-are also called Flowerless and Cryptogamous plants, be- 
cause they have no true flowers furnished with stamens 
and carpels. By the differences thus presented by plants 
we divide the Vegetable Kingdom at first into two sub- 
kingdoms, as follows : — 1. Phanerogamia, Cotyledones, 
or Flowering. 2. Cryptogamia, Acotyledones, or Flow- 
erless. The former being again divided into two 
classes, the Monocotyledones and the Dicotyledones, 
and the latter constituting a class by themselves called 
the Acotyledones. Our future remarks will more espe- 
cially apply to the Flowering Plants, the organs of 
which, after this introductory sketch, we now proceed 
to describe more in detail and in their proper order. 

QUESTIONS. 

Introduotort. 

1. What is the object of Natural Higtory ? 

2. What are the three kingdoms of nature ? 

3. What do you mean by Organic and Inorganic ? 

4. What is Botany, and what does its studv embrace ? 

5. What is meant b^ Organography ? 

6. Explain the meaning of Morphology. 

7. What is Structural Botany ? 

8. Of what does the seed of the Almond consist ? 

9. What is the embryo ? 

10. Describe the parts of the embryo. 

11. Are there always two cotyledons in the embryo ? 

12. Define the meaning of the terms Dicotyledons, Monocotyledons, 
and Acotyledon^ as applied to the three great classes of plants. 

13. Describe tne growth of the embryo ; and say what tne process 
is called. 

14. What are the fundamental organs of a plant, and why are 
they so called? 

15. What is meant by an organ of nutrition ? 

16. What is meant by an organ of reproduction ? 

L— Organs of Nutrition. 
JZ DeAne the root, 
18^ DeSne tiie et&n. 
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from a root? 

81. What are bcanchM and twiw ? 
. 32. Dcflne the leal 

33. What IB a soda? 

24. Uantion and describe die pacts of the l«af. 

SS. Which is the part of the leaf moot commoalj' preeent ? 

IL— Orqabb Of EiPEODnonoN. 

26, What U a pednncle, and what ara pedicels ? 

27. Whatanbiacta? 

38j WhstlameaatWthainftoreeoenM? 
29. Of Thatd^eaafiowereonnat? , 

!0. What ii OS thalamm ? 
I. In what oriet are tho paita of the flower ananeed upon the 
thauunna? ■ . 

e the calyx, 



S8. What are tho parta of the calys ? 
Si. Define the corolla. 



-.. ^^. — ^ 1(1 parte of tho oorolla, and how art they known? 

88. What IS the perianth ? Give an eiimple? 

87. WhyarethefloralenTclopea called non.es»eiitdal' organs? 
SB. What do joa understand by apetiiloufl and naked flowers ? 

89. What ia meant by the Andnrcium ? Ueotion and desaribe its 
partg. 

40. WhWtemeantbytheGyncDdnm? Mention and describe its 
a. Whatisttieplstn? 

42. Whj are the stamenfl and carpels called essential ontanB 7 ' 
4fi. Whut. nr- „T,l,«v"ni fln„.™ n„.i (,— -^ ti^ defined ? 

' — it eseantlally con- 
" 46, What are the parta of the fruit? ' ' 

4«, What is the sood, and of what does it consist? ■ > 

47. What, are the constituent part* of tl.e nueleos? ■ ■ 

48, What ia meant hy PhnneroKanjoua nlants? 
■49, What-- "--'■ — - ■■ - ■ ■ - 

■ Sa What: 
n. What. 



CHAPTEB IL 

OBOASB OP NUTEinON. 

Bbction I.— The Boot ob Dbscending Axis. 

The root, as previonsly defined, ia ycsA, ■^■kA. ^A. 'Qqs. 
plant widcb st its first de^eVovmecii, "xn. "fiBa Bi«J««^^ 
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takes a downward direction, in consequence of which 
it is called the descending axis, avoiding the light and 
air, and fixing the plant to the earth, or to the sub- 
stance upon which it grows ; or floating in the water, 
when the plant grows on the surface of that medium. 
Its office is especially to obtain food in a liquid state, 
which is carried up by it and the stem to tiie leaves, 
by which the plant is subsequently nourished. The 
point of junction of the root and stem is called the 
Neck. The extremities of the main root and its 
branches are commonly termed spongioles or spongelets. 
Boots are distinguished from stems by several cha- 
racters (only two of which can be now noticed), as 
follows : — 

1. Boots are known from stems by their direction, 
as they grow downwards, while stems have an upward 
direction (fig. 8, r). 

2. A stem has on its surface a number of leaves, 
symmetrically arranged, and in the angle called the 
axil, formed by the juxtaposition of each leaf with the 
stem there is placed a bud (fig. 4, b), which is capable, 
as will be hereafter particularly noticed, of growing into 
a branch, which will be covered in like manner with 
other leaves and buds, themselves again capable of 
shooting into branches. Consequently, as the branches 
of a stem can only proceed from the axils of leaves 
thus symmetrically arranged, they must of necessity 
be also symmetrical in their arrangement. Boots, on 
the contrary, have neither leaves nor buds, and have 
therefore no provision for a regular branching, but 
they divide and sub-divide as occasion requires, and 
without any disposition to assume a symmetrical cha- 
racter. 

The roots of most plants grow in the earth or in 
water ; but some plants develop roots from their stems 
in the air, hence such are termed aeiial roots. The sim- 
plest roots of this kind are seen in the Ivy (fig. 18, a a), 
and some other climbing plants, where they are espe- 
o/a/fy' intended for their mechanic^ Bxv^portx Jjx th^ 
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Banyan or Indian Fig-tree these aerial roots are de- 
veloped to a remarkable extent from the branohes, and 
by ultimately reaching 
the soil, they form so 
many natnTal supports 
by which this plant is 
enabled to sproid over 
a lai^e area. 

In some plants, as 
certun Orchids, none 
bnt aerial roots are pro- 
duced ; and as these nerer 
reach the soil, they can- 
not obtain any nonrish- 
ment from it, bnt mast 
draw it entirely from the 
air in which they are 
placed, and hence they 
are termed Air Plants; 
m as they commonly 
grow npon other plants, 
although they obtain no 
nourishment from them, 
they are also colled Epi- 
phytei. 

There ore some plants 
which not only grow upon 
others, but which send 
their roots into the sub- 
stance of those on which 
they are placed, and de- 
iiTe their nonrishment 
bom them, jnst as the 
roots of ordinary plants 
obtain food from the 
earth, and those of air- 
plants from the sir. 
Such plants are called ^■^'•-°™»'»«*^-^-' 
Parana, ot which the UisUe^oe ioTma Wi ^i»&. iswsi^i»- 
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Such plantSi by living partially or entirely upon those 
on which Uiey are placed, frequently destroy ihem, and 
thus do immense damage to Clover, Flax, and other 
crops in this country and elsewhere. In some countries 
the flowers of these parasites grow to an enormous size, 
as is the case with the Babesia, a native of Sums|.trai. 
Thus, the first flower which was discovered of this plant 
measured nine feet in circumference, and weighed ,flf* 
teen pounds. This is by far the largest flower of any 
known plant ; that of the beautiful Victoria Water Lily, 
now well-known under cultivation amongst the stove 
plants in this country, sinks into insigmflcance- when 
compared with it, no flower of it r having been, produced 
exceeding twelve inches in diameter, or about three feet 
in circuitiierence. 
Yabieties and Fobms ofEoots,-— ^There are two varietie^^ 



Fig. M. 



Fig. 15. 



Fig. 16. 





Fig. 14. — Carrot Boot. 
Fig. 15.«-Baclish Root. 
Fig. 16.— Turnip Root. 



of roots, namely, the True or Primary ^ and the Ad/ven- 
fyYu?$is or Secondary. The primary root is oiii^ -^ToAxva^d 
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by the direct elongation of the radicle of the embryo, 
and as such is generally found with a central axis 
or trunk, from which die branches are given off 
in an irregular manner (fig. 8). This is commonly 
called a tap-root, and has various forms, as conical 
(fig. 14), fudform (fig. 15\ napiform (fig. 16). The 
aSientitious rooty instead of proceeding from a definite 
point, is, to a certain extent at least, accidental in its 
ongin, and dependent upon favourable external cir- 
cumstances for its development. All roots of mono- 
ootyledonous and acotyledonous 
plants, as well as aerial roots, and Fig. 17. 

roots of all modifications of stems, 
slips, and cuttings of plants, &c., 
are of this nature. Such roots 
are generally of small size, and 
given off in variable .numbers (fig. 
25),' and are commonly described as 
fibrous. 

Sometimes the divisions of roots 
become enlarged, and act as reser- 
voirs of nutriment, as in the common 
Orchis {^. 17). These enlarged Fig. 17.— Tabercalar 
portions are called tubercules, and «»* o^ ^ Oichia. 
the root is said to be tubercular. 



QUESTIONS. 

1. Define theioot, and mention its office. 

2. What is the Nedc^ and what are spongioles ? 

8. What are the distmctiTe characters of roots and stems ? 
4. What is the meaning of axil? 
6. What is meant by aerial roots ? Give examples. 
0. What are epiphytes or air-plants ? Give an example. 
• 7. What are parasites ? Give an example. 

8. How do parasites injnre the plants upon which they grow ? 

9. What plant produces the largest flower known ? 

to. What is the difference between a true or primary, and afl 
adventitious 01 secondary root ? 

11. What is a tap-root, and what are its common forms ? 

12. Give examples of adventitious roots. ' 
■ 18. What aze fibrous mots ? 




24. What are tnbeiculea? 



'v> 
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Section II. — The Stem or Ascending Axis. 

The stem is defined as that part of the axis of a 
plant which grows in an opposite du'ection to the root, 
for while the root grows downwards the stem developes 
in an upward direction (from which cause it is called 
the ascending axis), seeking the light and air, and bear- 
ing on its surface the leaves and other leafy appendages 
(fig. 8, 4 

The stem has received many names, according to its 
nature. Thus it is called a caulis in plants which are 
herbaceous, or die down annually ; a trunkf as in trees, 
where it is woody and perennial ; a culm, as in most 
grasses and sedges, where it presents a jointed appear- 
ance ; and a cavdex or stipe, as in tree-ferns and 
palms. 

In form the stem is generally more or less cylindrical, 
but in many cases it becomes angular, and in some 
plants, particularly in Certain Cacti and Orchids, it 
assumes a variety of other shapes, as rounded or oval, 
globular, more or less flattened, columnar, &c. 

In general, stems possess a firm texture, and can 
readily sustain themselves in an upright direction ; but 
in other instances they are too weak to support them- 
selves, and thus require the aid of some other body. 
In such caseSf if they trail on the ground, they are said 
to be prostrate or procumbent (fig. 28); or if they take 
an erect position, and cling to neighbouring objects for 
support, they are called climbing if l£ey proceed in a more 
or less straight direction, as in the Passion-flower (fig. 18), 
where they cling to other bodies by means of little 
twisted ramifications called tendrils, v v; or in the Ivy, 
where they emit little root-like processes from their 
sides, by which they adhere to neighbouring objects 
(fig. 18, a a). But if such stems twist round other bodies 
in a spiral manner, they are said to be twining, as in 
some Convolvuli, the fVench Bean, Honeysuckle (fig. 
-/'^ and Hop, 



THE STEM OB ASCENDING AXIS. 



25 



Prom the nature, duration, and mode of branching of 
their stems, plants have been divided from the earliest 
period into three classes, called respectively Herbs, 
Shrubs, and Trees. Thus, those plants which have 



Fig. 19. 



Fig. 18. 




Fig. 18. — Stem of a species of Passion- 
flower : V Vj tendrils. Pi^. 19. — ^Twining 
stem of Honeysuckle, with buds on ite 
surface. 



stems that die down annually to the surface of the 
ground are called herbs; while those with perennial 
aerial woody stems are termed trees or shrubs accord- 
ing to circumstances. Thus the term tree is applied if 
the branches are perennial, and arise from a trunk ; but 
when the branches are perennial, and proceed directly 
from or near to the surface of the ground^ without any 
supporting trunk, or where this is very short, a shrub is 
formed, and this, when low and very much branched at 
the base, is called a hush. 

Buds. — We have already stated that tha ^t^%<^cs&^ ^ 
leaves and ieaf-buds essentiaJly &\e\Aii<^^<^^ ^»^^^as.\x.^^«i^ 



26- OBOANB OF NUTRITION. 

a root. Q%e leavea will be treated of Iiereafter ; bat we 
most now describe the nature of bada, and the mode in 
wbicb brancbes aie formed. We bave also seen tbat 
leaves are always developed at regular points on the 
surface of the stem called notks, the intervals between 
the nodes being termed intemodet, and that nnder 
Dtdinai; oircumBtances one or more bnds are developed 
in the axil of ever; leaf (figs. 4, h, and 20). In bke 
manner, the apex of a etem, as well as of all ite divisions 
P, ^ wlucb are capable of farther 

growth in a longitudinal direc- 
tion, are also temunated by a 
similar bud (fig. 24, 1). The 
I former are called lateral or ax- 
I iUary, and the latter (eniwftai, 
' buds. Each bad, whether la- 
teral or terminal, consists, 1st, 
of a central growing point, 
which is composed of similar 
tissues to the stem or branch 
on which it is placed, in &ct, 
is a direct prolongation of these 
tissues ; and 2nd, of rudiment- 
ary leaves Burronndtng this 
Pig. 20,— BndB o( the growing point, and arrai^ed 
Horae-cheitiin^ one of Symmetrically over one another, 
' '5J^ h" a BOOT below g^^^ jg ^hg ordinary fltmctare 
whioh bsB been prodooed ■^"™ , , , . ', ". 

by the fallinB of it leaf. o» bade as found m this coan- 
try in seedlings or plants whiob 
only live during the warmer seasons of the year, as also of 
those commonly of plants wbicb inhabit warmer regions ; 
but in perennial plants of temperate and cold clim&tes, 
where the bads are dormant daring the winter, and con- 
seqnently exposed to all it^ rigoors, wo generally find 
certain protective organs on their outer surface in the 
form of modified leaves, or parts of leaves, which are 
£t>mmonl; called scalt^. These scales are osnally of a 
hardened textare, and are sometimes covered with a 
"ot^ons aeoreUoa, as ia the Horae-elwBfcau^ nai w«w1l 
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kinds of Poplars, or with a dense coating of soft hairs* 
as in many Willows. Such protective organs, therefore, 
prevent the inner deHcate rudimentary leaves and grow- 
ings point from being injnred by cold, and by the other 
kfu^ous inflaeuceB%'which Ly are ne<isarily sub- 
jected. These latter, buds are commonly termed scaly ^ 
while those without protective organs are called naked. 

The bud thus contams aU the elements of a stem or 
branch; in reality it is the £rst stage of their, growth, 
the axis being here so short that the rudimentary leaves 
are close together, and therefore overlap one another; 
When ftirther growth takes place, as in the springs the 
intemodes., or spaces between the leaves, become de- 
veloped, and thus the leav^ become separated from 
each other, much in the same way as the joints of a. 
t<^^scope (which may be regarded as representing the 
]^4^s)t become, separated from each other by lengths 
of. tube, xapresenting the intemodes, when it- is drawn 
o^t. .Under ordinary circiimstazices, by the develop- 
xaent of terminal buds, the main stem and its branches 
increase in length, s^id by the growth of lateral buds 
1)ranch^ ^e prpduced. But buds are also capable of 
being removed from one plant and made to grow upon 
pother of a nearly allied nature. Thus the operations 
of Budding and Grafting depend for tiieir success upon 
this circumstance. . In some instances, also, a bud may 
be even made to grow in the soil, and produce a new 
plant, as in the process of layering. In this latter 
process, the gardener bends down a portion of a plant, 
upon which one bud at least is placed, into the earth ; 
this bud is at first supported by nourishment derived 
from its parent, but it soon produces roots, and thus 
acquires the power of obtaining food for itself, and may 
be accordingly then separated from its parent, and form 
a distinct plant. 

In the same manner as branches are produced from 
lateral buds, placed on the main axis or stem, so also 
from the axUiary buds situated on these bt«£L<^lQk&% ^Vk^ss^ 
buds and branches are foirnQQi^ \!cl<^^^^ ^i^gsoi^^sK^ \cBCB^ 
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other bnda and branches, tmi so on, ever; e 
branch fonning other branches in like manner. The 
main divifiions of the stem are commonly known as 
br<mehes, while the smaller sabdiTisione of the branches 
are termed tvngs. As the branches are thns produced 
from the axils of leaves, and as these are always 
arranged in a more or less symmetrical manner on a 
stem or branch, it follows that the branches of a stem 
are also symmetrically placed. This constitates, as 
already noticed (see Boot), one of the characters which 
distingnishes a stem from a root, as the latter organ 
has no provision for symmetrical branching. 

Ibis corresponding symmetry between the arrange- 
ment of the branches and leaves is, however, fre- 
quently interfered with from various causes : as the non- 
development of axillary buds; their arrest in develop- 
ment, by which knoU are formed in the wood instead of 
branches ; the development of other buds from various 
points besides the axils of leaves, and in other ways. At 
. other times a bud, instead of developing as nsnej, so as 
to form a leaf-hearing branch, becomes arrested in its 
growtli,and forms a haxdened projection, terminating in a 
j,jg ^ moreorleBsacutepoint,as 

in the Hawthorn. Snoh 
an irregularly developed 
branch is called a tpine or 
thorn. That spines are 
modified branches is 
proved by their stractnre 
being exactly the same as 
the stem or branch upon 
which they are placed, by 
their sometimes bearing 
leaves, as in the Bloe, 
and by their being fre- 
qneutlj changed into 
ordinary leaf - bearing 
branches by ooltivation, 
as in Uie A " " '^ 
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and in other ways. Spines are also freqaenUy con- 
founded wiih certain hardened sharp-pointed processes 
springing from the external parts of a plant, as in 
Brambles and Boses (fig. 21, pp)^ and which are termed 
prickles. These are, however, at once distinguished 
from spines by being merely superficial appendages— 
that is, having no connection witii the internal pa^ of 
the stem or branch. 

Another irregular formed branch is the teridril, as 
seen in the Vine and Passion-flower (fig. 18, v v). This 
is defined as a thread-like leafless branch, which is 
twisted in a spiral direction ; it is one of those con- 
trivances of nature by means of which weak plants are 
enabled to rise into the air by attaching themselves to 
neighbouring bodies for support. 

Kinds of Stem and Branches. — ^We have already 
seen that the stem, when first developed from the 
embryo, always takes a direction upwards into the air — 
that is, directly opposite to that of the root. This 
direction is more commonly continued throughout the 
life of the plant ; but in many plants this original direc- 
tion of the stem is deviated from at an early period, 
and it passes along, or partly under, the surface of the 
ground, and even in many cases, contrary to what com- 
monly occurs, stems witiiidraw entirely from the light 
and air, and even live under ground like roots, with 
which they are consequently commonly confounded. All 
such stems are, however, readily distinguished from 
roots either by the presence of leaves and buds, or by 
scales or modified leaves, or by the presence of scars 
on their surface produced by the falling off of former 
leaves or buds (fig. 22, s). In this manner many 
irregular kinds of stem are produced, of which some 
of the more important will be now noticed. 

Of these one of the commonest is the Bhizome or 
jRootstock (fig. 22). This is a prostrate thickened 
stem or branch which creeps along the surface of the 
ground, or more generally partly beneath it, and ©ves 
oS buds froni its upper Bxirfac^ «eA xQQ\»k ^t^-^'^issaAss^^ 



Such & stem is found in the Fern, Ins, Qinger Plant, 
Turmeric, Sweet flag, and many other plants. Sneh 
Bteme often creep for along distance, and have their 
npper surface marked by soars prodaoed by the fallii^ 
-off of former leayea or branches, by which character 
-Ijiey may be commonly distingoished, even when in a 
•dried state, from roots. 




Another kind of irregular stem is seen in the Straw- 
berry Plant, where the main stem sends off from i^s 
ttose a slender lengthened prostrate branch (fig. 28), 
which gives oft at its end leaves and roots, and thu^ 
produces a new plant, which in like maimer estenda 
itself. This kind of stem is called a runner. 




B3iddl&, and a diuater 



Mtion of the Strawberry plant : a, an axis ptodndng 
r, at ita end, from the aril of OM of whiiSi another 
i", arises, heaiing a rudimentanr leaf f, near the 
-. " ^ leavBfly r, at ita end : o , a tlurd a*iB, pfO' 
n- to the former ;//, Tooto. 
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These two kinds of stem are either entirely aerial, 
or partly developed in the air and partly under ground ; 
the remaining kinds of stem to he noticed are essen- 
tially subterranean like roots. 

Tlie Creeping Stem. This is a slender branch which 
creeps along beneath the surface of the earth, 
emitting roots from its lower side and buds from 
its upper, like the rhizome, from which, however, 
it is distinguished by its slender form and entirely 
subterranean course. The Sand Sedge (fig. 24) and 
Couch Grass afford good examples of this stem. 
In some instances such stems serve important pur- 
poses in nature; thus those of the Sand Sedge, by 
spreading through the sand of the sea-shore, and 
in this way binding it together, prevent it from 




Fig..24.— Oreeping stem of the Sand Sedge : 1, tenninal bad by 
widm the stem continaes to lengthen ; 2, 3, 4, shooti pxodooed from 
former buds. 

being washed away by the receding waves. Others, 
like the Couch Grass, are the pest of the agriculturist, 
who finds it very difficult to destroy them by cutting 
into pieces, for as every node is capable of developing a 
leaf-bud and roots, each of the pieces into which it is 
thus divided is capable of becoming an inde^^^ds^^ 
individual, and therefore eac^i ^ Y^Q<iA.^a!e^^ \si^^^*^ ^ 
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deBtrojmg &6 plant, only serves the purpose of still 
further multiplying it, by placing the separated por- 
tions under more favourable conditions for develop- 
ment. 

One of the most irregular forms of such stems is 
Been in the Potato and Jerusalem Artichoke. This 
kind of stem is called a tuber. This is a enhterra- 
nean branch arrested in its growth and very much 
enlarged by the deposition of starch and other nntri- 
tious substances in its interior. That the tnber is in 
reality a atem is proved by its having on its surface, 
or more or less buried in its substance, a number of 
irregnlarly developed buds, or eyes as they are com- 
monly called, from which new plants are ultimately 
formed. This stem-like nature of the tuber is also 
clearly proved by the practice commonly adopted for 
prop^ating potatoes, Uie tuber being cut into pieces, 
each of which contains one or more eyes. These eyes, 
when placed under favourable circumstances for deve- 
lopment, are at first nourished by the matter which 
surrounds them, by which they are enabled to pat 
forth roots,. and obtain nourishment for themselves, and 
thus form independent plants. 

ru.sj. The hitlb, as seen in the Lily, 

Onion, Tnlip, Hyacinth, and many 
other plants, is another kind of 
Bubterranean stem. It is defined 
as a shortened stem or branch, 
which is generally reduced to a 
rounded or somewhat flattened 
plate (fig. 25, a), which bears on 
its surface a number of fleshy 
scales, c, or modified leaves, wliich, 
like the ordinary leaves of a branch, 
frequently develop in tbeir axils 
■ Fig. 25.— Scaly bulb new bulbs called by gardeners 
of theljly: o, short- cloves, and their presence is a 
^/T^^^T^ proof at once of the stem-like 
jToiren'ng steni. ' nature of a bulb. Or w« may 




u % rabtemiiwL bad of a S0I7 Baton, 



■ bulb 
idiieh smAa off 
roots from below 
(fig. 25, b), and 
a Btem npwarda 
bewng leaves and 

In the Omcm 
and Hyacinth 

(fig.26),theimier 
icales, itMeh are 
ttdek and fleehy, 
encloee each other 
in a concentric 
manner, are 
covered extemalljr 
by thin membra- 
nooB ones, whieh 
form a covering 
or tunie to them, 
and hence bulbs 
of snch a natnre 
are termed tuni- 
eaUd or eoaUd. 
Other bnlbs, sach 
as the Lily (fig. 
26), have all the 
Bcalea thick and 
fleshy, and so ar- 
ranged ae to over- 
lap each other 
only, like the 
leaves of an or- 
dinary bad ; snch 
are called naked 
or iccdy bnlbs. 

The snbterra- 
nean stems of the 
OrocoB, Oolohicnm, and otter ^\K[Aa, ^ira^ ». wso*&sa 




idleiiTCe,!. 
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able resemblance to bnlbs, with which, in common 
language, they are ordinarily confonnded; bat they 
are readily distmgaished by their more solid nature. 
Such stems are called corms, A corm is defined as 
a solid subterranean stem of a rounded or somewhat 
oval figure, and .commonly covered externally by thin 
membranous scales, and giving off one or more buds 
or young corms from the apex, as in the Crocus, or 
from the side, as in the Oolchicum. Practically, a corm 
may be distinguished from a bulb by its solid nature, 
the bulb being formed of imbricated scales. 

Both bulbs and corms are only found in monocoty- 
ledonous plants. 

QUESTIONS. 

1. Define the stem. 

2. Describe the followmg stems: — canlis, trunk, cnlm, and 
candex or stipe. 

8. Mention the various forms of stems. 

4. What are prostrate or procumbent, climbing, and twining 
items? 
6. What are herbs, shrubs, and trees ? 

6. What is meant by a bush ? 

7. What are nodes and intemodes ? 

8. Where are buds placed, and what terms are applied to them 
from their different positions ? 

9. Describe a bud. 

10. Whiat is the difference between the bud of an herbaceous 
plant or that of a plant of warm regions, and of a bud expos<^ to 
the cold of winter ? 

11. Describe the nature of acaUSf and explain what is meant by 
scaly and naked buds. 

12. Explain the growth of a bud into a branch. 
18. How do stems and branches increase in length ? 

14. Explain the operations of budding, grafting, and layering. 

15. Explain the process of branching, and. show why brandies 
are symmetrically arranged. 

16. What causes interfere with the symmetrical arrangement of 
branches? 

17. What are twigs and knots ? 

18. What is a spine or thorn, and how is it produced ? 

19. How are spmes distinguished from prickles? 

20. What is a tendril, and what is its use ? 

KmDS OF Stbm and Bbanohbs; 

21. How are stems which run along, or burrow under the ground, 
to he distinguished from roots ? 

^ VeGae a rhizome or xootstock, and give examples. 
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23. How are rhizomes when in a dried state to be distinguished 
from roots? 

24. Define a nmner. Give an example. 

25. Define a creeping stem. 

26. Oive examples of creepin^y stems, and show what parposea 
they serve in natare, and with what difficulty they are destroyed. 

27. Define a tuber, and give examples. 

28. How is the tuber proved to be a Hnd of stem ? 

29. Define a bulb, ana give examples. What are cloves ? 
80. Describe tunicated and scaly bulbs. 

31. What is a corm ? 

32. How is a cprm distinguished from a bulb ? 

33. In what class of plants are bulbs and corms alone found ? 



Section III. — The LsiiF. 

Having now finished the description of the axis or 
central portion of the plant, we are ahle to describe the 
leaves and other organs which succeed them, all of 
which are placed on &e stem or ascending axis. These 
are termed, collectively, appendages of ^e axis ; and, 
individually, leaves, flowers and their parts, and fruit. 
Of all these, the leaves alone are organs of nutrition, 
the remaining organs being directly or indirectly con- 
nected with the process of reproduction. We must 
first describe the leaf. 

The leaf is defined as being usually a green more 
or less flattened expansion of the stem or one of its 
branches ; but exceptions to both these characters occur 
in different plants. Thus in Stone-crop, Aloes, and 
many other plants, the leaves are thick and fleshy, 
when they are termed succulent; while in other plants, 
as Broomrapes, they present a brown scaly appear- 
ance; and in underground buds or bulbs they are 
colourless and fleshy (fig. 25, c). 

The part of the stem or branch from which a leaf 
arises is called a node, and the space between two nodes 
an intemode. The portion of the leaf nearest to the 
axis fromi which it arises is called the hose, the opposite 
extremity the apex, and the lines connecting the base 
and apex the margins. The angle ConSkA^Vs^ ^^^^xssssRssir 

c2L 
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oi the upper surface of the leaf with the stem, as 
abready noticed, is called the aodl; and everything 
arising out of that point, as for instance a bud (fig. 
4, b)f is said to be axillary to the leaf. 

Leaves commonly fall off after they have performed 
their functions, but their duration varies in different 
plants, and they receive different names accordingly. 
More commonly the leaf lasts throughout the season 
in which it is developed, when it is deciduous; or if 
beyond a single season, or until new leaves are formed, 
60 that the plant is never without leaves, as in the 
common cherry laurel of our shrubberies and gardens, 
it is persistent y and the plant is called evergreen, 

"When a leaf separates from the stem, without leaving 
any trace of its existence, except a scar (fig. 20) at the 
point of disruption, as in the Chestnut, it is said to be 
articulated; or if it decays gradually upon it, so that 
portions remain upon the stem for some time, as in 
Grasses and Ferns, it is non-articulated. 

The leaf, in its highest state of development, as 
already noticed (see page 12), consists of three distinct 
parts, called respectively lamina or blade, petiole or 
leaf-stalk, and stipular portion. These three parts are 
by no means always present, although such is frequently 
the case, as in the Water Pepper (fig. 5) and Trailing 
Willow (fig. 6) ; but in numerous plants one of these 
parts is absent, and in some two, the leaf being in 
such instances reduced to two or one of its portions 
only. The petiole and the stipula^ portion are those 
which are more commonly absent ; in the former case, 
the leaf is termed sessile (fig. 82); in the latter, it is 
exstipulate (fig. 88). The blade of the leaf is that portion 
which is not only the one most commonly present, but it 
is that which is generally most developed, and performs 
the more important functions of the leaf; and in ordi- 
nary language it is spoken of under the name of leaf. 
Sometimes the blade is divided into two or more sepa- 
rate parts, when it is called compound (fig. 54) ; or if 
i^ere is but one blade (fig. 27), it is said to be simple. 
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1. Insbktioh add Akbakoeuent op Leateb. 

Leaves are Tarioaaly inserted and arranged npon the 

stem or branch, and receive different names accordingly. 

a. Insertion. — When a leaf arises from tto stem by 




forming a head oi 



— Aaipleiioaiil 
.pitalnm, and anrroimded by an involucre, b. 



means of a stalk, it ia said to be stalked or petiolate 
(%. 6, p), as in the Lilac ; or when the stalk is at- 
tached to the blade mthin the mai^in, as in the Indian 
Cress (fig. 27), it is termed peltate or shietd-shayui.; 
vhen Uie blade arises diiectlj tcoon 'fiba %\BOi.-7rS!ii«*' *• 
stalk (Sg. 82), it is sarnie ; -wlifcti. vi. \Ba5. \* 'a^5w'*?«- *" 
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its base, bo as to clasp the stom moro or less, U is «m- 
bracing OT ampleMcaid{&g.W),&a in the Ttasles ; or if it 
fonUB a complete sheath aioaud the Btem as in OrasBes 
(fig. 68, (f), it is sheathing. When a leaf is prolonged 
FH.30. ng.8i. 




Pig. 30,— Common Hare's-esr, with perfoliftte leaves : ( , 
Hg. SI.— Common TeUow-wort, with connate leaves; the flowara 
an arranged in a cjidixk manner. 

^om its baae so as to form a Icofy appendage down the 
«fear, aa in Thigtlea (fig. 29), it ift decurreirt ; when 
">0 ttro aiat^a or sides of a leal pioiwl te'jwiii "Qoa 
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stem and unite, as in the Hare*s-ear (fig. 80), it is 
perfoliate; and when two leaves placed on opposite 
sides of the stem unite by their base, as in some 
Honeysuckles, they are termed connate (fig. 81). 

b. Arrangement, — ^When only one leaf arises from a 
node on a lengthened axis, the leaves are said to be 
alternate^ as in the Ivy (fig. 18), because they succeed 
each other alternately on difierent sides of the axis ; but 
when two leaves arise from a node they are called 
opposite (fig. 88), because they are then situated on 
opposite sides of the axis; or when three or more 
leaves arise from the stem so as to be arranged around 
it in the form of a circle, they are called whorled or ver- 
ticillate (fig. 82), and each circle is termed a whorl or 
verticil. When leaves are opposite, the successive 



Fig. S3. 



Fig. 88. 





Fig. 82. — Common Mare's- 
tail with whorled sessile 
leaves. Fig. 33 — Decussate 
leaves. 



pairs as they succeed each other commonly cross at 
right angles, when they are said to decu&%au ^%.'^5^'*»> 
in the LUac. When the mlexncA^^ ^i '^^ ^sasaco. «cs. '^^ 
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stem are very short, the leaves are called radicalf as in 
the Primrose, hecause they arise at, or below the siirfia.ce 
of the ground, and thus apparently form the root ; and 
when the intemodes of an axillary branch are non- 
developed all the leaves of that branch are brought into 
contact, and they then form a tuft or fascicle, as in the 
Larch (fig. 101). 

The general term vernation (spring state) is applied 
to the arrangement of the leaves in an unexpanded or 
radimentary condition in the bud. Of this there are 
several modifications, but these are too complicated to 
be described to the young student. 

2. SUBFAGE OF LeAVES. 

The surfaces of leaves as well as the stem, and all its 
appendages, are either quite smooth, or glabrous as it 
is termed, or provided with various appendages which 
have no connection with the internal tissues of the 
plant. These appendages are of various kinds, but they 
may be all arranged under the two heads of Hairs or 
non-secreting organs, and Glands or secreting organs. 

a. Hairs, — ^These are thread-like prolongations from 
the surface of plants of various forms, as conical, 
cylindricalf necklace-shaped, hooked, &c. ; and either 
undivided, forked, or branched. In other cases they 
become modified, and form little membranous bodies 
looking like chaff or bran, when they are called scales 
or scurf; or they form stiffened processes or bristles; 
or large hardened appendages terminating in a sharp 
point, when they are termed prickles (fig. 21), as in 
the Bose. 

The varying abundance and character of hairs and 
their modifications give different appearances to the 
surface of the leaves, all of which are distinguished 
by special names, and are important in practical 
botany, as pilose or slightly hairy, hispid, with hard 
rough bristles, woolly, cottony, silky, &c., all of which 
terms suMcien^y explain themselves, being used in their 
ordinary acceptation. 
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Fig. 84. 



' b. Glands. — ^The term gland is applied to the 
hair-like bodies placed on the surface of leaves and 
other organs, which contain secretions, as oils or 
resinous matters; or to cavities placed below the 
surface containing similar secretions, and which may 
be readily observed in many leaves, such as those of 
the Orange and Myrtle, by holding them up to the 
light, when they appear as little transparent dots. 
Buch leaves are termed dotted. 

Stings are also a kind of 
gland, and consist of a hair 
enlarged at its base (fig. 84, 5), 
and filled by an irritating 
fluid, and terminating above in 
a somewhat rounded head, s. 
When *the knob-like head is 
broken off by a gentle touch, 
the sharp point of the sting 
which then remains, enters the 
skin, and the irritaiing fluid is 
pushed up at the same time 
mto the wound; but when a 
nettle sting is grasped flrmly, 
instead of being touched lightly, 
the sting becomes crushed, and, 
a^ it cannot then enter the skin, 
no irritation is produced. 

8. Pabts of Leaves. 

We have already stated that the most highly deve- 
loped leaves consisted of three parts: namely, of a 
lamina or blade, a petiole or stalk, and a stipular 
portion (see page 12, and flgs. 5 and 6). We have 
now to describe each of these parts more in detail. 

A. Lamina ob Blade. 

Venation. — ^If you hold up the blade of a leaf be- 
tween your eye and the light, it is ^^evi^m^Ki'^s^ ^5»a!RR»^ 
to he traversed by lines Tfloaft^L "s^x:^ m isoasisiRSt ^ss^ 



Fig. 34.— Sting of the 
Common Nettle. 
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direction in different leaTea. These lines are cansed 
by the framework or skeleton of the leaf — namely, that 
portion irhich is left when leaves are macerated in 
water for a length of time, whilst the soft pnlp, which 
in the liying leaf contains green matter, is destroyed. 
The distrihation of these luies, which are called vdng, 
is termed venation. 

The arrangement of these veins varies mneh in the 
leaves of different plants, and corresponding names are 
given accordingly. Thns, when there is one largo cen* 
tral vein proceeding irom the base to the apes of the 
lamina from which all the other veins proceed, this ia 
called the miff' 




' blade,the sepa- 
iC^} rate veins ara 
■^:— ^ then termed 
- c^ ribs. Thedivi- 
^ ^ sions or pri- 
mary branches 
of the midrib, 
or of the sepa- 
rate ribs, are 
commonly 
called veins, 
and their smal- 
ler branches 
Fig. S&.—Letl of Occidental Plane. veinlets. 

When the 
AJsdg baa « midrib giving off veins OTi wS^ «Aft, 
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arranged like tba barbs of a feather, Bach a blade (or 
leaf, as it is commonly called) is said to be /entABr-t#w««i 
or pinnately-vdned (figs. 86 and 4S) ; but when there 
are three or more riba which „_ „ 

diverge from each other as 
thoy pass through the blade, 
like the fiogers when they are 
spread out from the palm of 
the band, the leaf is termed 
palmate - reined or radiate- 
reined (figs. S6 and 46). In 
both these kinds of Tenation, 
and in all cases where the 
main veins are coDnected by a 
network of veins, the venation 
is said to be netted or reticu- 
lated, and is cbaiacteristic of 
dicotyledonous plants; but if 
there is no such network (fig. 
87), the leaf is said to be 
paraUel-veined, as is commonly the case in the leaves 
of monocotyledons. When acotyledonous plants have 
leaves, as Is the case in Ferns, the veins commonly 

divide in a forked manner (fig 8°^ --' '^ '-— — 

therefore called /oried. 




I, and the venation is 





Fig. 87. — OrcMft Lft^iriOi^'^KnSib 
venation. 'Ei^.afti— ^'J&K&.'^^Mftisa. . 
of aTera\nt. 
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Composition. — As already noticed, leaves are divided 
into simple and compound, the former term being applied 
when there is otily one blade (figs. 85 — 87), however 
much this may be divided, so long as the divisions are 
attached by a broad base to the midrib (figs. 41 and 42) 
or petiole (fig. 46) from which they spring ; but when 
the leaf is composed of two or more entirely distinct 
portions, each bearing the same relation to the petiole 
as the petiole itself does to the stem from whence it 
arises (fig. 54), it is termed compound. The separated 
portions of a compound leaf are then called leaflets, and 
these may be either sessile or stalked. In the latter 
case the main axis which supports the leaflets is called 
the common petiole, and the stalk of each leaflet a 
partial petiole, 

1. Simple Leaves. — Such leaves present numerous 
modifications as regards the shape, form, margin, apex, 
&c., of their blades, hence we have a number of terms 
in use to define them. The leaflets of compound 
leaves, the stipules, and all flattened organs of the 
plant, such as bracts, sepals, petals, &c., are subject to 
like variations ; and as the same terms are in all cases 
employed, it is necessary that we should at once describe 
the more important of them. 

a. Margin. — If the edge or margin of a blade is per- 
fectly even, it is said to be entire (fig. 87) ; but when ' 
the margin has sharp projections or teeth, and all point 
towards the apex of the blade, it is serrate (fig. 89) ; 
or if the teeth are sharp, but do not point in any defi- 
nite direction, the margin is dentate or toothed (fig. 85) ; 
when the teeth are rounded the margin is crenate 
($g. 88); when the edge of a blade curves slightly 
outward and inward (fig. 40) it is said to be wavy ; or 
when the margin is twisted and curled it is crisped. 

These diflerent kinds of margin are also themselves 

liable to modifications, some of which are important. 

Thus^ if the teeth of a serrate margin are themselves 

serrate we use the term Userrate (fig. 86), or when 

^lie margin is minntely serrate it is ciSiibd. serrulate ; 
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when the teeth of a crenate margin are Tety small Uie 
blade is crenulate, or if the teeth be themselves crenate 
it is bicrenate ; and ■when the teeth of a dentate mai^ 
are themselves toothed the margin is dovhly-toothtd. 




I^. '89.— Leaf of BUck Poplar. Bg. 40.— Spinv leaf of the 
common Holly. 

6. Ineiiitm. — This term is apphed when the margin 
of a blade is more deeply divided than in the instances 
just given under the head of margin. The divisions 
are then commonly called lobet, and the spaces between 
them JUmres, or in composition the term -Jid is naed, 
and the leaf is said to be cle/t (£g. 43). In describing 
snob leaves ve either say tJiey are HJid or two-cleft, 
tri/id or three-cleft, gum^iejid or five-cleft, tnuUi/id or 
many-cleft, &c., according to the nnmber of their fis- 
snres ; or two-hbed, tkree-lobed, Jive-lobed, nutny-lobed, 
Ac., &o., from the number of lobes. 

Sometimes, when the blade is more deeply divided — 
that is, nearly to the base or midrib (fig. 42), we call 
the divisions partitions, and the leaf is said to be 
partite ; or if divided ([nite to the mid:6!ct at. Nwan. 
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(fig. 41), Uie term gegmenU is used, and the leaf is 
As the diyifiioas of the blade ar« always arranged 




Bga. 41 and ii.— 
Leaves or fronds of 
MoontuD Fern. 

Fig. 13,— Leaf of 
Oak. 



in the direction of the pnncipal veins, the leaf ia more 
ftccoxately defined by nsrng terms derived from the 
mode ol venation combined with that of division, than 
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b; tatmB indkating simply Uie number of fisBores, 
lobes, &e. Thus, if the blade is piimately-Teiued the 
divifdonB are oorrespondingly placed, and the leaf is 
pinnated (fig. 48), pinTiaUpartUe {&g. 42), or pinnati- 
ucUd (fig. 41), according to their depui ; or when 
pohnat^y-veined and divided accordingly the leaf ia 
palmatijid, palmatipartite, or palmatuected, In like 
maimer. 'When the dividonB are themaelves divided 
in a similar manner to the blade itself the leaf ia 
bipinnatifid, &c., the application of which terms will be 
rendil; nnderstood withont farther explanation. 

Certain modificationB of both pinnately-veined and 
pahnately- veined leaves have also received special 
names, the more important of which are the lyrate, 
nmeinate, palmate, digitate, and pedate. Thus a leaf 
18 lyrtae (fig. 45) when the terminal lobe is large and 
ronnded, and the lateral lobes gradually Bmallei towards 
the base; it is „.„ u 




Fig. 41— Dandelion Flant: I, IraveBg .. 
' fAowen; i, involncie ; j>, baito, CEOwiked with 
teatJieiyiappua; I ' — '" 
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stances when the lobes are narrow. Some botanists, 
however, use these terms indifferently. When the 
lateral lobes at the base of a divided palmately-yeined 
leaf are themselves lobed (fig. 46), so that the whole 
somewhat resembles a bird's foot, the leaf is pedate or 
pedati/id. 

Fig. 45. Fig. 46. 





Fig. 47. 



Fig. 48. 



Fiff. 45, — ^Lyrate leaf of the common 
Tundp, Fig, 46,— Pedate leaf of 
HeUeboie. 



c. Apex, — ^When the blade is rounded at the apex it 
is obtuse (fig, 60) ; when it terminates in a broad, 

shallow notch it is retuse; 
when with a sharp, some? 
what triangular notch (fig. 
47) emarginate; when cut 
off at the apex' it is trun* 
cate; when it is more or 
less rounded and tipped 
abruptly with a short stiff 
sharp point (fig. 48) it is 
mucronate; when the apex 






when the point is long 
and tapering it ia acuminate (fig. 49). 
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(L Shape or General Ihaline, — The Wade is gnbject to 
a great nainbeTof modifioatious in this respect, only the 
mora importaiit of vhich can be noticed here. Generally 
Bpeaking, the two sides are more or less symmetrical, so 
that the leaf assumes some regular figure ; bnt in otiier 
instanceB it is more developed on one side than on the 
other, when the leaf is une^al or ohlique (fig. 86). 
When the blade is narrow aod nearly of the same 
breadth thronghout the leaf is called Hnear (fig. 58, I); 
when broader at the centre and tapering towards boUi 
base and apex (fig. 5, {) it ia lancmlate ; when longer 
than broad, and oeal or elliptical in ontline {tige. 87 
and 47), it receives a corresponding name ; or if mnch 
longer than broad, and of the same oval shape, it is 
commonly termed oblong. When the blade resembles 
in shape the longitndinal section of an egg, the leaf is 
ovate or egg-shaped (figs. 86 and 80) ; or if of the same 
fignre, but with the apex broader than the base (fig. 48^, 
it is obovate or inversely egg-shaped ; when the leaf is 
generally more or lees ovate, but hollowed ont at the 
base into two rounded lobes, so that the blade resembles 
in shape the heart in a pack of ^ ^ 

cards, it is cordate or htart- 
shaped (fig, 49); or when hol- 
lowed out at the apex in a 
similar way, instead of at the 
base, it is obcordate or inversely 
heart-shaped, as in the seed 
leaves of the Radish (fig. IS). 
A leaf is reniform or kidney- 
thaped (fig. 50) when the blade 
resembleH a kidney in shape ; it 
is utgittate or arrow-shaped (fig. 
68) when it presents two acute 
lobes at its base pointing backwards ; it is hastate or 
halbert-shaped (fig. 51) if the lobes at the base are placed 
horizontally ; or aurieulate or ear-shaped (fig. 52) if, 
.nnder the same circumstances, the loben *a«, ws^Kt^S**^ 
from the hJade. A leaf is orbicul ay «i xouiA -»^vwQ- '"*■ 
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preBente a ronnd outUne ; or sub-rotund or rounded 
{Gg. 27) when it approaehes to that form. This term 
*u6 is iireqaently used ah a prefix to other terms, in 
which case it means nearly approaching the modification 
to which it is prefixed, as snb-acnte, nearly acute, &c. 





^g. 60.— Leal of Oroimd 
Ivy. Fig. 61. — Leaf of 
. BHeep's BorreL Kg. 61.— 
Leal ol Bittersweet. 



Iiea,vea may also be fre- 
qnentJy fonnd intermediate 
in shape between two of 
those jnst described, in 
which case we nse snch 
terms as ovate-lancsolaU, 
Unetir-lanceoUite, 4c., the 
application of which will he 
evident ; but some experi- 
ence is necesBary before the 
young student will be able 
to apply them in [sactioe, 
hence it is recommended 
that at first those leaves 
only which have a well- 
defined ontline should be 
attended to. 

e. Form. — By the form 
of a leaf we mean the solid 
— , confiRuraiion of the blade, 

.Ffg- 63.— FloweiB and leaves of .-.^T - „i„a;....,;*o Ut,™*!, 
is ^amoB .ijTOw-liead. that iB,m6taiftm?,\ta length, 
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breadth, and thickness. These terms are therefore 
especifdly employed with thick or succulent leaves. 
Such leaves are described as cylindrical, coniccil, tieedle- 
shatped, clubshapedj tubular, hood-shaped, &c., in the 
same way 'as- such terms are ordinarily apphed, and 
hence n^ed no special description here. 

2. OoMPOuio) Leaves. — ^A compound leaf has alresidy 
been defined (page 44). Its leaflets are subject to 
similar modifications of shape, margin, &c., as the 
blades of simple leaves. Compound leaves are either 
pinnate or palmate; thus they are pinnate when the 
leaflets are arranged along the sides of the common 
petiole (flg. 54), and palmate when they all radiate 
from a common point (fig. 57). 

a. Pinnate Leaves, — ^There are several varieties of 
pinnate leaves. Thus, when the leaf ends in an odd or 
single leaflet, it is unequaUy pinnate (fig. 59) ; when it 
terminates in a pair of leaflets, it is abruptly or equally 
pinnate (fig. 54), as in the Bitter Vetch; when the 



Fig. 54. 



Flg.M. 





- Fig. 54.'^Abrnpily or equally pinnate 
leaf, ' Fig. 55^— Li»f of the Potato. 



leaflets are alternately large and fiin»Ai> \^ Ss^ m\en \x.^^*«>^^ 
pinnate (&g. 65); or when t\i^ \,ekttDCC£i^ \^^^ "^'** *^^^ 
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lai^est, and those below it gradnally smaller, it is 
lyrately pinnate. The leaflets of a pinnate leaf an 
termed pama. 

When the partial petioles of a pinnate leaf bear 
leaflets along their sides, the leaf is said to be bipinnate 
(fig. 56), and the leaflets are termed pinnuU* ; and 
when the pinnnlee become themfielves pinnate, the 
leaf is tfipinnaU, 





Tip 
ol Ob 



'UdOtcUa. Kg. 57.— Bitemate 



b. Palmate or Digitate Leaves. — Sach leaves are 
wnyngate when there are only two leaflets ; trifoliate or 
ternate when tliere are three (fig. 28, r) ; guadrifoUate 
when ench a leaf has four leaflets ; qvinquefoUate or 
quinate when five ; septemfoUate when seven ; or tnvlti- 
/oliate when more than seven. When the partial petioles 
of a temate leaf are themselves trifoliate, the leaf is 
bitemate(&g. 57), as in the Bane-beny; or when each of 
the divisions of a bitemate leaf are themselves temate, 
the leaf is said to be tritemate. When oomponnd 
JoMves of the pinnate or palmate type are fnrther dind«(l 
^«a meatios^d aboye, thoy are tenaefli dcotnpnmd^ 
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B. Petiole 6b Leaf-Stalk« 

The petiole is termed simple 
when nndiyided (figs. 89 and 
64) ; or compound when divided 
into two or more portions, each 
of which hears a leaflet (fig. 
57). In form the petiole is 
nsnally rounded helow, and 
flattened, or more or less 
grooved, above ; but in other 
cases it is cylindrical; or it 
becomes widened at its base, 
and surrounds the stem in the 
form of a sheath (fig. 58 , ^). In 
Grasses this sheath ends above 
in a membranous appendage, 
to which the name of ligule has 
been given (fig. 58, Wj), Some- 
times the petiole presents at its ^^ 58.-Portion of the 
two edges a leaf-hke border, stem of a arass, with a leaf 
when it is termed winged, attached : /, blade ; lig^ ligule ; 

g^ sheathing petiole. 

C. Stipules. 

Stipules are liable to similar modifications of shape, 
margin, &c., as the blades and 
leaflets. When stipules are 
present, leaves are described 
as stipulate; or when absent, 
eoostipulate. In rare cases the 
leaflets of a compound leaf have 
little stipules of their own, to 
which the name of stipels has 
been given, and the leaf is then 
termed stipellate. There are 
several kinds of stipules. Thus 
when they adhere to the petiole 
on each side they are said to be 
adnate (fig. 59, s) ; when quite 



Fig. C9. 




Fig. 69.— Leaf of Bose 
with Btipales, «, at the 
base. 
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distinct fron) the petiole, they Bxe free or caulinary 
(fig. 6, s) ; when they fonn a sheath around the stem, 
they are ochreate (fig. 6, d) ; and when, as in opposite 
leaves, they are placed in the intervals between thia 
respective petioles on each side they are termed 
interpetiolar. 

4. Anomalous ob Ibbegulab Fobms of Leaves. 

Besides the forms of leaves already alluded to, there 
are others of such an anomalous nature that they 
require a special notice. In the first place, any part 
of a leaf, like the branches of a stem, may acquire an 
irregular development, and take the form of Spines 
(fig. 40) and Tendrils, in which -cases they receive 
corresponding names. The most remaarkable modifica- 
tions of leaves are, howevef', phyUodes tmA pitchers. 

The first are seen in their 
^^•®^- most marked condition in 

Australian Acacias (fig. 60). 
In the leaves of these plants, 
the hardened tissue of the 
petiole, which under ordinary 
circumstances remains as a 
compact bundle until it reaches 
the blade, begins to diverge^ 
soon as it leaves the stem. or 
branch, and its divisions be- 
come connected by soft tissue, 
as in the ordinary blade of a 
leaf; the petiole thus assuming 
all the appearances of a lamina. 
A ^iiv^*""A^ ^^ ^ Suchpeti6les have been termed 

Australian Acacia« i. 77 j xi. 1. 

phyUodes; they may be gen- 
erally distinguished from true 
blades, amongst other characters, by being placed 
nearly or quite in a vertical direction — ^that is, turn* 
'Oa^ theiz' margins instead of their surfaces to the 
^arib and heavens; and by their two Burfaoes being 
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alike, whereas in true blades 
a manifest difference is 
commonly observable be- 
tween the npper and lower 
Baj£Aces. 

The most anomalous of 
all the forms presented by 
leaves is that in which 
their parts become folded, 
so as to assxmie the shape 
of a pitcher, in which 
case they are called 
pitcher-leaves or pitchers. 
They may be well seen 
in the Pitcher plants 
(fig. 61), and Side-saddle 
plant. 




Fig. 61. — Pitcher of a species 
of Pitdier Plant: p, pitcher, 
closed by the lid /. 



QUESTIONS. 

1. What is meant by appendages of the axis ? 

2. Arrange these appendages under the two heads of nutritive 
and reproductive. 

8. Define a le^, and show it varies in difEerent plants by giving 
examples of such variation. 

4. What is meant bvthe following terms : — ^node, intemode, base, 
apex, margin, and axil ? 

5. What are deciduous and persistent leaves ? 

6. ^plain the terms articulated and non-articulated. 

7. What are the parts of a leaf ? 

8. What is meant by sessile and exstipulate leaves ? 

9. Which part of the leaf is generally most developed ? 

10. Define simple and compound leaves. 

1. Insbrtion and Arrangehbkt of Leaves. 

11. What is meant by stalked or petiolate, and peltate or shield- 
shaped? 

12. What is the difference between sessile, embracing or amplexi- 
caul, and sheathing leaves ? 

18. Explain the terms decurrent, perfoliate, and connate. 

14. What is meant by the terms alternate, opposite, and verticil- 
lAte or whorled ? 

15. What is meant by a whorl or verticil, and the terms decussate, 
xadicaLand fasdole or tuft ? 

16. Explain the meaning ot YemoAtVoii. 



i 
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2. SURFAOB OF LbAVBS. 

17. What is meant by the tenn glabrous ? 

18. What are hairs and glands ? 

19. What are the usual forms of hairs ? 

20. What are scales or scurf, bristles, and prickles ? 

21. How is the surface of leaves, Ac, modified by the varying 
abundance and character of hairs ? 

22. Describe the varying nature of glands, and explain the 
cause of the dots of certain leaves. 

23. Describe the structure of a sting, and show how it produces 
its irritating effect. 

3. Parts of Leavbs. 
A. Lamina or Blade, 

24. Explain the term venation. 

26. Explain the terms midrib, ribs, veins, and veinlets. 

26. Explain the terms pinnately-veined or feather-veined, and 
palmatelv- veined or radiate- veined. 

27. What is meant by reticulated or netted, parallel, and forked 
venation ? 

28. What kind of venation is respectively found in dicotyledon- 
ous, monocoi^ledonous, and acbtyledonous plants ? 

29. What is the difference between a simple and compound leaf ? 

30. Define the meaning of the terms leaflet, common petiole, 
and partial petiole ? 

1. — Simple leaves, 

81. Explain the terms entire, serrate, dentate, crenate, wavy, and 
crisped. 

32. Explain the terms biserrate, serrulate, bicrenate, crenulate, 
and doubly-toothed. 

33. Explain what is meant by lobes and fissures, and define the 
terms cleft and bifid. 

34. What are partitions and segments, and what is meant by the 
terms partite and sected ? 

35. Explain the meaning of the terms pinnatifid, pinnatipartite, 
and pinnatisected. 

36. Explain the terms palmatifid, palmatipartlte, and palmati- 
sected. 

37. What is the meaning of bipinnatifid ? 

38. Define the terms lyrate, runcinate, palmate, digitate, and 
pedate. 

89. Explain the meaning of the terms obtuse, retuse, emarginate, 
truncate, mucronate, acute, and acuminate, as applied to the apex 
of leaves. 

40. What is meant by an unequal or oblique leaf ? 

41. Explain the terms linear, lanceolate, oval or elliptical, and 
oblong. 

42. Explain the terms ovate, obovate, cordate, obcordate, and 
reniform. 

4S, Explain the terms sagittate, hastate, auriculate, orbicular, 
and soih-rotund. 
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44. When is the term snb employed ? 

45. Explain the terms ovate-lanceolate, and linear-lanceolate. 

46. What is meant by the form of a leai ? Distinguish between 
form and shape. 

47. Explain the meaning attached to the terms conical and hood- 
shaped when applied to the forms of leaves. 

2. — Compound leaves, 

48. What are pinnate and palmate leaves ? 

49. Explain the terms unequally pinnate, equally or abruptly 
pinnat&interruptedly pinnate, and lyrately pinnate. 

60. What are pinnsB and pinnules ? 

51. Explain the meaning of bipinnate and tripinnate. 

52. Explain the terms unijugate, trifoliate or temate, quadrifoliate, 
quinate, septemfoliate, and multifoliate. 

53. What is meant by the terms bitemate, tritematej and decom- 
pound? 

B. Petiole or Leaf-Stalk, 

54. What is meant by a simple and compound petiole ? 

55. What are the usual forms of the petiole ? 

56. What is a li^e, and where is it found ? 

57. What is a wmged petiole ? 

C. Stipules, 

58. Disting^h between stipules and stipels. 

59. ^plain the terms stipulate, exstipulate, and stipcdlate. 

60. What are adnate, caulinary, ochreate, and interpetiolai 
stipules ? 

4. Anomalous Forms of Lbaybs. 

61. What is meant bv spiny leaves, and leaves with tendrils ? 

62. What are phyllodes, and where are they found ? 

68. How are phyllodes distin^ished from the blades of leaves ? 
64. What are pitchers or pitcher-leaves, and where are they 
found? 



CHAPTER m. 

ORGANS OF BEPRODUCTION. 

Under this head we include the flower and its appen- 
dages. These are called Organs of Beproduction, 
because they have for their especial office iS^^ ^<ss^<^> 
duction of the plant by the {oimaWoTi oi ^^^^* { 



BS OBOANS or BEFRODtlOTION. 

Section I. — The Inflobescekob, 

The arrangement of the flowera upon the floral axis 

IB termed the lufloreacence. We have under this head 

to desorihe — let, Tho Bract or Floral Leaf ; 2nd, The 

Floral Asia or Peduncle ; and 8rd, The Kinds gf In- 



1. Bbaot OS Floral Leaf. 
All leafy organs which are sitoated on the floral a 




-Plant of Tooth- 
b, bracts ; f 

nowera, Fig. 68.— 

of Stoae Pine. 
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below the flowers are termed braote, (fig. G2, b b). 
WLen bracts are present, the infloresoenoe is nai^ 
to be bracts- 
ated ; when 
they are ab- 
sent, ehracte- 
ated. Bracts 
VB17 mnoh in 
their nature 
and appear* 
Biice,Baiae be- 
ing large and 
green like or- 
dinar? leavea, 
as in the 
white Dead- 
nettle, in 
whioh case 
they are 
termed leafy 
hraota ; others P' 
hard and 
woody, as in 
Fir-eoueB (fig. 
68); and some 
coloared, as 
in certain 
Arams; or 
membranons, 
or presenting 
other pecn- 
iiaritieB. 

Varietia of 
Bracts. — Cer- 
tun varietieB 
of arrange- 
ment and 

fonns of bracts have received special names, the maca 
important of wMeh are as {qUo^i%-. — ■■&«», -^fMsa. wis. -a^ 




_ Kg. M. — HiiTOw-leared W«ler PMsnip 
jft, seoenJ iiiTolncre anironiiding the general 
umbel ; pi, partial inTolncn^ or IhtdIucts 
aiomid a partud nmbel. 
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more cixcles or whorla of braote are placed aronnd one 
flower (fig. 78, t>), or a namber of flowers (figs. 29, b, 
and 44, t), tluB arrangement of bracts is termed an 
involacre. In the true involucre the constituent bracts 
are distinct from one another; but when they grow 
together at their base, as in the cup of the Aoom 
{Sg, 66), they then form what is called a cupuh. When 
a bract ia of large size and Bheathing, so as to sot- 
ronud and completely enclose the flowers in a yoong 
state, it Is called a tpathe. This is well seen in Arums 
(fig. 65, b), and in Palms (fig. 67, h). In the ktter 




Fig 65— rioweiB and 

leavea of the Cnckoo-plnt : 

latbe Fjg 66.— Frnit 

le OeJi, aiirrot]Dd«d bf 

a capnle 



uits the spathes ore sometimes as much as twenty feet 
'aiengtb, aad eadoae as maay aa 200,000 flowers. The 
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bracts of Grassea and Sedges, which are found at the 
base of each partial infloreHcence, termed a loetuta or 
spikeUt (fig. 72, gl), ate called glume*. 

2, The Peduncle or Flo wbb- Stalk. 

The teiTn peduncle is applied to the stalk of a soli- 

tai7 flower (6B), or to one which bears a nnmber of 




sessile flowers (fig. 69); or if the floral axis braaohes 
all is called a peduneU (fig. 7, p), with the eioeption 
of the stalks immediately sapporting the individual 
flowers, which are termed pedicels (fig. 7, ped). When 
a peduncle is elongated in a lon^tadia«L4xi%ti&Kiti.,^a£>. 
gives off flowers, or 1:>tanc\ke« >>ftvnti% ^lawss* *i«TO^'-*». 
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called the rachis (figs. 69 and 73) ; but 
when Ehortened &nd dilated 
more or lesB horizontally, and 
bearing nnmeroue flowers, it 
is termed a receptacle (fig. 
44, r). When plants have 
no aerial stem bearing leaves, 
the peduncle, which then 
necessarily arises, at or un- 
der the groond, is called a 
Seape or radieai pedutieU 
(figs. 26 and 68) ; when the 
pedonole becomes flattened 
and aasnmea the form of a 
phyllode, it is called a 
phyUmd peduncle or pedicel. 

8. Enoffl 07 Ihtlobxsoekcb. 
There are several kinds of 
inflorescence, all the regdar 
of which may be arranged in 
two great divisions, wh^ are 
' respectively termed Jtu^ntte 
or Indeterminate, auiO^mite 
or Determinaie, In the for- 
L mei, the main or primary axis 
' is terminated by a growing 
point, and hence snch an axis 
has the power of growing in 
an npwurd direction or of 
dilating more or less faoiizon- 
. tally, in the same way as the 
I tenuinal bad of a stem or 
branch has the power of 
elongating, and thns adding 
to its length ; there is, con- 
sequently, no necessary limit 
^ ihe growth o£ such an axis, and hence tbe name of 
adaieiiunMte or indeflnite which is a'pipUei to i*.. Simb, 
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an inflorescence is also termed aodtlary, because as the 
axis grows upwards it continues to develop on its sides 
flowers from the axil of bracts. In the Definite or Deter- 
mmate Inflorescence, on the contrary, the primary axis 
is temfinated at an early age by the production of a 
flower; such an axis has, tiiierefore, a limit JEi.t once put to 
its growth, and hence the names of D^mt^, Determinate^ 
6t Termirtal applied to it. Each of these divisioiis of 
inflorescence presents us with several mo4iflcati0ns, 
the more important of which we now proceed to 
describe. 

1. Indetebminate: Inflobesoenoe. — The simplest 
kind of inflorescence in this class is that in which 
solitary flowers are developed in the axils of leaves or 
bracts; the flowers are Uien said to be solitary and 
aodUary. When a number of flowers instead of one are 
developed, a number of kinds of inflorescence arise, 



Fig. 70. 



Fig. 71. 




Fig 70. — Staminate catkin of a 
Waiow. Fig. 71.— Pistillate cat- 
Idn of a Willow. 



aiud in all such inflorescences \l^wifiL\>Q^Ti^>fi««»^'»^ 
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from thoir mode of growth that the lower or onter flower- 
buds will open first beoaoBe such bnde sre the oldest, 
and that the order of expansion will proceed in sncces- 
sion from the base to the apex if the axis be elongated 
(figs. 24 and 69), or from the circamference towards 
the centre if the axis be depressed or dilated (fig. 74). 
Bnch a mode of opening is tjierefbre called eentripetoL 
The principal kinds of indeterminate inflorescence are 
Fi,.n.- F1T.7S. asfoUows:— 

a.ThsSptkt. 
— ^In this the 
primary axis is 
elongated and 
bears sessile 
flowers on its 
sides (fig. 69). 
There are seve- 
ral modifica- 
. ^ tions of tha 

CVsA_ \ ,^^*^S» spike; thns the 

Idn is a kind 
of spike which 
bears only bar- 
ren flowers — 
that is, only 
staminate (fig. 
70) or pistillate 
{fig. 71) ones ; 
Qie»padix{&ga. 
65 and 67) is 
a Bpike wiUi a 
Buccnlent axis, 
in which the 
separate flow- 
ers have no spe- 

^ .,,.■, „ „ , ■ <5i*l bracts, but 

Fig. 72.— Inflorescence of Barler, the glomes, .!,„ „i,„i„ ".„„ 
' -' ' Tig. 78.-i'.ni&d S *« whole com- 
monly enclosed 
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in a spathe ; and loetata or ^kelet is the nune giveti 
to the partial infloreaaenae of GraBses (fig. 72) and 
Sedges. The peculiarity of tliia latter is tiiat the epiko 
has only a few fiowera, ejid these without floral envel- 
opes, and the whole having at the base one or two bracts 
caUed glnmes (fig. 72, gl). 

b. The RMreme.'—Iii this form the primary axis is 
elongated, and bears fiowera placed on pedicels of nearly 
eqaal length (figs. 24 and 62). 

e, Tht CoTipnb. — This is a kind of raceme in which 
the lower pedicels are longer than those towards and at 
the apex, bo that the whole forms a somewhat level top. 

d. The Panicle. — This is a more branched form of 
inflorescence than the raceme — that is to say, one in 
which the stalks springing from the primary axis do not 
immediately bear flowers, but give off branches on which 
the flowers are placed (fig. 73). 

e. The Capitulum or Head. — This is formed by n 
number of sessile 
flowers crowded to- 
gether on a recepta- 
cle, and the whole 
being sorronnded by 
an iuTolncre (figs. 
44, /, and 74). 

/. The Umbel 

This is a kind of in- 
florescence in which 
the primary axis gives 
off from its apex a 
number of pedicels 
of near] J equal length , 
radiating from each 
other like the ribs of 
anambrella, and each 
bearing a flower (fig. 
80, a). — . 

When the branches (pedicels) of the primary laia^ 
ipste^ pf ^iffpUy bearing fto^aia, ^2ii«a«*Vi«* %MrA»-a^ 




Fig. 74.— Capitnlum ot ScsbioiiB. 
The ontennoat flowere (floreta) may 
he ee^n to be more expanded than 
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mn- tunbellate manner, a compound umbel is formed (fig. 
64). In this case the primary umbel is called the general 
umbel, Bud the others formed by the divisions of this, 
umbellule9 or partial umbels. In like manner, when the 
general mnbel is surrounded by an involucre, this is 
called a general involucre (fig. 64, gi), and if similar 
arrangements of bracts are placed around the partial 
umbels, each of these is termed an involucel or partial 
involucre, pi. 

%> Determinate Inflobescenge. — ^When the primary 
ajds only bears a solitary flower at its apex which 

terminates its growth, 
**'** . aim 18 caXled A solitary 

terminal flower; but 
if other flowers are 
produced, we have 
other kinds of inflor- 
escence, all of which 
are necessarily char- 
acterised, from their 
mode of growth, by 
the terminal or cen- 
tral flowers of each 
axis opening first, as 
such flowers are the 
oldest, and the order 
of expansion proceed- 
ing in succession from 
above downwards, or 
from within outwards 
(fig. 81). Such an 
order of expansion is 
called centrifugal or 
cymose. 

The general name 
of cyme is applied to 
Wc.^K TTv -^ * . all such inflorescen- 

i^^tt^^^^- -^''**'^^ ^ces, and they are for- 

tibex dkiuig^shed as 
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two-branched (dicJiotomous), or three-braiiched ifrichoto- 
nums), according to the number of their branches ; or 
still better as corymbose, urnbeUate, spiked, racemose, or 
panicled, from their resemblance, except in the order of 
expansion of their flowers, to the ordinary kinds of in- 
determinate inflorescence thus named. 

Other kinds of cymes have received special names, 
thus helicoid or scorpioid cyme is applied when the upper 
part of the axis is coiled up in a circinate manner, like a 
scorpion's tail (flg. 75) ; the term fascicle is given to a 
cyme when the flowers, which are placed on short stalks 
of nearly equal length, are somewhat crowded together ; 
and glomerule to a cyme with sessile or nearly sessile 
flowers collected into a more or less rounded head. 

QUESTIONS. 

1. What is an organ of reproduction ? 

2. What is meant by the mflorescence ? 

1. Braot or Floral Lbaf. 

3. Define a bract, and explain the terms bracteated and ebracte- 
ated. 

4. Explain the term leafy bract, and give examples of other 
variations of bracts in nature and appearance. 

5. Define the following varieties of bracts: involucre, cnpule, 
Bpathe, and glume. 

2. PBDxmcLB OR Flower-stalk. 

6. What are peduncles and pedicels ? 

7. Define a rachis, receptacle, radical peduncle, and phylloid 
peduncle. 

8. Kama of Inflorbsobnoe. 

8. What do you understand by the term Indefinite, Indeterminate, 
or Axillary Innorescenoe ? 

9. What do you understand by the term Definite, Determinate, 
or Terminal Inflorescence ? 

10. What is meant by a solitary and axillary inflorescence ? 

11. Explain the meaning of the term centripetaL 

12. Define a spike, amentum or catkin, spadix, and locusta ox 
spikelet. 

18. Define a raceme. 

14. Define a corymb. 

15. Define a panicle. 

16. What is a capitulum ot hesA? 
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17. What is an nmbel ? Dlstingtiifih between a simple and com- 
pound nmbel. 

18. What is meant by the terms general nmbel, partial umbel or 
umbellule, general involucre, and partial inrolucre or involucel ? 

19. What is meant by a solitary terminal flower ? 

20. Explain the meaning of centrifugal or cymose order of ex- 
pansion. 

21. What is meant by a cyme, and what are dichotomous and 
trichotomous cymes ? 

22. What do you understand by corymbose, umbellate, spiked, 
panicled, and racemose cymes ? 

23. Define a helicoid or scorpioid cyme. 

24. What is a fascicle or fascicled cyme ? 

25. Define a glomerule. 



Section II. — Of the Parts of the Flower. 

The parts of a flower have already been treated of in 
a general manner (see page 14), and we now pass to 
describe them more in detail. 

1. The Floral Envelopes. 
A. The Calyx. 

We have already defined the calyx as the outermost 
envelope of the flower, and composed of one or more, 
usually green, leafy organs, termed sepals. In many 
flowers, of which the Fachsia may be taken as an ex- 
ample, the sepals are coloured, instead of being green, 
in which case the calyx is said to be petahid. This 
term is only commonly applied in dicotyledonous plants ; 
for, as already mentioned, the two floral envelopes are 
usually coloured in monocotyledonous plants, and the 
term perianth then used to indicate the two whorls 
taken collectivelv. 

The sepals, as regards their ontlme, margin, apex, 
&e., are characterised by similar terms as applied to 
the blades of leaves. They vary in their direction, 
being erect or turned upwards; connivent or turned 
inwards ; divergent or patulous when spreading out- 
wards ; and reflexed when their ends are turned down- 
wards. 
The sepals are either distinct from each other, or 
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more or less united into one body. In the first case 
the calyx is commonly described as polysepalouSf in the 
latter monosepalous ; the latter term is, however, incor- 
rect, as it implies that the calyx has only one sepal, 
and hence many botanists use instead the more correct 
term of gamosepalouSf which simply implies that the 
sepals are united. 

1. PoLYSEPALous Calyx. — A polyscpalous calyx is 
called regular if it consists of sepals of equal size and 
like form, arranged in a symmetrical manner (fig. 9) ; 
and it is said to be irregular when these conditions are 
not complied with (fig. 77). It is further described as 
consisting of two, three, four, or more sepals, according 
to their number. 

2. Monosepalous or Gamosepalous Calyx. — Va- 
rious degrees of union take place in the constituent 
sepals of a monosepalous calyx, and different terms are 
used accordingly to indicate that degree ; thus, if the 
union is complete, the calyx is entire ; if the sepals are 
imited nearly to the top, it is toothed; if only attached 
at the base, partite ; or if about to the middle, cleft or 
fissured^ and the number of teeth, partitions, or fissures 
indicated by the prefix of numerals. When the union 
exists in any marked degree, the part where the sepals 
are united is called the tube, the free portion the limh, 
and the orifice of the tube the throat. 

If the union be unequal between the sepals, or the 
parts are of different sizes, or of irregular forms, the 
calyx is irregular; if, on the contrary, the parts are 
alike in form, of the same size, and united in a sym- 
metrical manner, the calyx is regular. In the latter 
case the calyx is described as tubular, bell-shaped, 
conical, &c., in like manner as the corolla is so 
designated (see page 74). 

The normal position of the calyx is to be free or 
quite distinct from the wall of the ovary (fig. 9), in 
which case it is said to be inferior or non-adherent, 
and the ovary is described as superior ; b\ii yo^ ^^^'st 
eases the tube of a monosepalous t^'^TL^o^ q>^ ^^wa3ssi^% 
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adkereB more or less to the otbtj, when the ovary ig 
said to be inferior (fig. 76, o), and the calyx mperior or 
adS^ereta. 

In the latter case the limh preBcnta vatioaa modifi- 
oationa; thne it may be petahid, foUaceout, mvm^ 
h-ontwa, which terms are readily understood; ol it may 
be altogether absent, when it is deBcribed as obsoUte,. 
In other instances the limb of the calyx is only de- 
veloped in the form of bristles, hairs, or feathery pro- 
cesBOB, when it is sdd to be pappose (fig. H, p). 




Eig. 76.— TertlcBl aection of the flower of a Hjrtle: ad, tnbe of 
the ceijx adherent to the ovary, o ; », Btftmens. Kg. 77.— Figura 
of Lorlspac : ip, Bpuned calTi. 

Appehdaoes of thk Cu.tx. — ^When the tube of a 
monoeepalons calyx or a sepal bulges out at the base 
into a Uttle sae, Qie term gibbous or saccate is nsed (fig. 
80, e); or if the calyx has one or more tubolar pro- 
loagationH downwards, it is spurred (fig. 77, ^), and 
each prolonged portion is called a spur. 
I>VBATioii OF THE Galtx. — The duration of the 
<w6» vmies; tbns, when it {bUb oS aa the flower 
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expands, it is caducous; when about the same time 
as the corollay it is deciduous ; when it remains after 
the flowering is over, it is persistent ; if xmder similar 
circumstances it presents a shrivelled appearance, 
marcescent; or when it is piarsistent, and continues to 
grow, it is aeerescent. 

QUESTIONS. 

1. What is meant by the term petaloid as applied to the calyx ? 

2. Explain the tenns erect, oonnivent, divergent or patulous, and 
leflexed. 

8. What is meant by a polyaepalous, monosepalotiB, and gamo- 
sepalouB calyx ? 

4. What do you understand by a regular and irregular polyaepal- 
ous calyx? 

5. Explain the terms entire, toothed, partite, and deft or fissured, 
as appJied to a monosepalous calyx. 

6. What is meant by the tube,limb, and throat of a monosepalous 
calyx? - 

7. Explain the terms regular and irregular as applied to a mono- 
sepalous caljx. 

8. What IS meant by an inferior, and what by a superior calyx ? 

9. Explain the terms petsdoid, f oliaceous, membranous, and 
obsolete as applied to the hmb of the calyx. 

10. What IS meant by a pappose calyx ? 

11. Define the terms gibbous or saccate, and spurred. 

12. Explain the terms caducous, deciduous, persistent, marcescent, 
and accrescent, as ap^ed to the duration of the calyx. 



B. The Cobolla. 

The corolla is the inner floral envelope ; its parts 
are called petals. It is usually the most showy and 
conspicuous part of the flower, and what in common 
language is termed the flower. In some cases, how- 
ever, tibe corolla is green like the calyx. Petals 9XQ 
frequently narrowed helow into a stalk-like portion 
(fig. 79, o). The narrowed portion is then termed the 
claw or unguisj and the hroad portion the limhf and 
the petal is said to be unguiculate or clawed. 

The petals are subject to variouB modiflcaiiona ot 
outline, margin, direction, &Cm^W\x «tev ^^b^MSc^siiR^'yi 
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united into ona 

In the 

former ct 

Fig. TS. — CarTOphyllAceoiu corolla ; b, bracts : , . > . 

e.Mji;pp,ptaU;t,aUmeat. Kg. 79.— One «> M polypeta- 
of tbe [Wtiilg of Fig. 78: b, claw or DD^oisi lotu ; in the 
/, limb, which U fringed at tbe margin. Uiiel, tnoitO- 

petaloia or gamopetalom. 

1. PoLTPETALOua CoBOLLA. — The corolla is tenned 
regular and irregular in tbe same Henae as alreadj de- 
scribed (page 69) with the polysepolons calyx. The nnm- 
ber of petale is also indicated b; the pre&E of numerals 
Fig.W' as with the sepalB. fiome 

forma of both regular and 
irregolar polypetalouB co- 
rolliu have received spe- 
cial names as follows : — 

A. Regular Polypetalou* 
CoroUat. — Of these there 
are three forms to be al- 
luded to. 

1. Cruciform or Cruci- 
ate. — This is compoaed of 
four petals, usually with 
claws, althoi^h not necea- 
aorily, and arranged in the 
form of a Maltese cross 
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2. CaryophyUaeeotu. — This is composed of five petals, 
vith long clawB enclosed in the tube of the calTX, and their 
limbsjplibced at right angles to the elawB (figs. 78 and 79). 

8. Rotaeeovt. — This consists of five petals without 
clairs, or with totj short ones, and spreading in a 
regular manner (fig. 81). 

B. Irr^fular Polypetalout CoroUai. — ^There is only 
one form of sach corollas which requires any particnlar 
description, namely : — 

The Vapilionaceous. — This derivea its name from 
the fancied resemblance which it hears to a hutterfi; 
(fig. 82). It is composed of five petals, one of which. 




Fig. St.— Rosaceoui corolla, nitk one of the petals of tlie same 
placed at the risht hand side. Fig. S2. — Fa|ulianaceoa8 corolla ; 
c, oalfz : V, stan&rd ; cor, carina or k«el ; a, wings. 

being placed at the npper part of the flower, is 
termed the standard, v ; two are inferior, and more or 
leas nniled, so as to form a somewhat boat-shaped 
cavity, called the keel, car ; and two lateral, called the 
vings or ala, a. 

2. MoHOFEiuAus oE Gakofeialodb Corolla. — The 
petals, like the sepab, are united in varying degrees, 
which are characterised by similar terms ; and such a 
corolla may be regular or irregular, as described in 
speaking ^ a monosepaloas calyx. The special forms 
are as Mows : — 

A. Eegvlar Monopetaiout Corollaa.—Oi these the 
niore imptaiant are 
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1. TvimlaTj where the form is nearly cylindrical 
throughont, the limh not spreading. 

2. Campamdate or Bellshapedj where the corolla 
resembles a bell in form (fig. 7,/). 

8. Funnel-shaped^ where the form is that of an in- 
verted cone, like a funnel. 

4. Salver-shaped, when the tube is long and narrow, 
and the limb at right angles to it (fig. 88). 

5. Rotate or Wheel-shaped^ having a short tube 
and flat spreading limb. 

6. Urceolate, when the tube is swollen in the middle 
and contracted at both the base and apex (fig. 84). 



Pig/.fiS. 



Fig. 84. 



Fig. 85. 



Fig. 86. 




Fig. 83.— Salyer-8haped corolla. Fig. 84.— Flower of a Heath 
c, calyx ; t, I, IJrceolate corolla. Fig. 85. — ^Labiate corolla of the 
Dead-nettle. Fig, 86.— Personate corolla of the Toadflax, spurred 
at the base. 



JB. Irregular Monopetalous Corollas. — The principal 
are the labiate, personate, and liguHate, 

1. LaMate.-^HMs is a kind of corolla in which the 
limb is divided into two portions, called lips, which are 
placed posteriorly and anteriorly, the former overhang- 
ing the latter, and each portion so arranged as not to 
close the throat or orifice of the tube (fig. 85). When 
the npper lip is much arched, this form of labiate corolla 
is termed ringent or gaping. 
2, jP^sonate or Masked, — ^This ia essentially a labiate 



corolla, but distiiigciished by its Iav«r lip fonmog a 
projeetioD, called Uts palate, t^puIlst the upper lip, so 
as to olora the thn>at (fig. 86). 

8. LigulateaiStrap'iha^d. — ^If what vonld be other- 
wise a tabular corolla is split open on one side, so as 
to become fiattened above like a strap (fig. 87). it is 
called ligviaU or »tTap-»haped, 

Fig.vr. Fig.es. Fig.Bt. 





Kg. 87.— lignlate corolla. Fia.es.— 
Flowerof VsJeriau: c, I, calyx uhatait 
to the ovary j a, eibbona corolla. Vig, 
89. — Flower or Naicisnu: b, iHBct; o, 
OTurj ; c, peiianOi, wiQi a corona od 
Ijie mner Eorface, 



Anomalous Forus and Appensaobb of Prtals.^ — 
One or more of the petals of a monopetalona or poly- 
petalous corolla may be ffiibout or taccaie (fig, 88, g) at 
spurred (fig. 86), in a similar way to the sepals. 

On the inner soriace of petals, commonly at the 
jnnction of the claw and. 1iinb,^« -mK^^wj^atiSsi^n^ 
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appendages in the form of scales or hair-like pro- 
cesses of yarions natures. Sometimes these scales 
become more or less united, and form a cup-shaped 
process (fig. 89, c), to which the term corona is applied, 
and the corolla is then said to be crowned. Many of 
these appendages were formerly described as nectaries^ 
although few possess the power of secreting the honey- 
like matter or nectar from which they derived their 
names. 

Duration of thb Cobolla. — The corolla is generally 
more fugitiye than the calyx, although its duration 
varies. The terms caducous, deciduous, persistent, and 
marcesceiit, are applied to it in the same sense as with 
the calyx. 

QUESTIONS. 

1. What is the corolla ? 

2. Explain the terms claw or unguis, and limb as applied to a 
petal^uid describe what is meant by an unguiculate petal. 

3. What is meant by polypetalous, monopetalous, and gamo- 
petalous corollas ? 

4. Explain the terms regular and irregular as applied to a poly- 
petalous corolla. 

5. Define a cruciform or cruciate corolla. 

6. What is meant by a caryophyllaceous corolla ? 

7. What is meant by a rosaceous corolla ? 

8. What is a papilionaceous corolla ? 

9. Define the standard, Ifeel, and wings of a papilionaceous 
corolla. 

10. Explain the terms entire, toothed, regular, and irregular as 
applied to a monopetalous corolla. 

11. What is a tubular corolla ? 

12. What is a campanulate corolla ? 

13. What is a funnel-shaped corolla ? 

14. What is a salver-shaped corolla ? 

15. What is a rotate corolla ? 

16. What is an urceolate corolla ? 

17. Define a labiate, and a ringent or gaping corolla. 

18. What is a personate or masked coroUa ? 

19. What is a ligulate corolla ? 

20. What are gibbous or saccate, and spurred petals or corollas ? 

21. What are Ihe scales of petals ? 

22. What is a corona, and what is meant by the term crowned ? 

23. What are nectaries ? 

24, Explain the terms caducous, deciduous, persistent, and mar- 
esc^at, as applied to the duration of the cotolta. 
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2. The Essbntial Oboans of Bbpbcumtotiok. 

The esBentud organs of reprodnetioii are the androe* 
ehnn and gynoechim, which together form the two inner 
whorls of the flower. Flowers nsnallj possess both 
these organs, and are hence termed bisejeual ; when one 
only is present, they are vnisextutl^ and then described 
as staminate or pistillate, as already noticed (page 17)» 
In some eases a flower has neither andrcecinm or gyncs* 
eimn, when it is described as neuter. When flowers 
are miisexnal, both staminate and pistillate flowers may 
be borne on the same plant, in which case it is said to 
be monadous; or upon different plants of the same 
species, when it is diadous. 

A. Thb Andbcegium ob Staminal Whobl. 

The androecium is the whorl or whorls of organs situ- 
ated next the corolla on the inside, and it is so called 
because it forms the male system of flowering plants. 
The parts of which it is composed are termed stamens^ 
each of which (fig. 11), in its perfect condition, con- 
sists of a thread-like stalk or filament, and of a little 
bag or case called the anther , which contains a powdery 
matter or pollen. When the pollen is absent, as is 
rarely the case, the anther is described as sterile ; and 
when the filament is absent, the anther is said to be 
sessile, 

1. The Filament. — The filament varies in form, 
length, coloor, direction, duration, &c., the terms expres- 
sive of which need no special description. 

2. The Antheb. — The anther usually consists of two 
parallel lobes separated by a portion called the connec* 
tive, to which the filament is attached. Each of these 
lobes has a cavity in its interior called a cell, and hence 
anthers are commonly two-celled, but occasionally they 
are one-celled, and rarely four-celled. That surface of the 
anther to which the filament and 'connective are attached 
is called the ba>ck, and the opposite surface is the face; 
this may be distinguished from the back by its more or 
less grooved appearance. Tlie i^^ \% \|l]bXi«t5SS^:^ Nsox&»^ 
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towards the pistil or centre of the flower, in which case 
the anther is introrse; hut in some flowers it is directed 
towards the petals or circumference of the flower, when 
it is said to he extrorse. 

The mode of attachment of the anther to the filament 
varies in different flowers. Thus, the anther is some- 
times attached throughout its whole length to thei fila- 
ment, when it is said to he adnate ; in other cases the 
fllament is flrmlj fixed to its hase, when it is innate ; or 
it is only attached hy a point to liie hack of the anther, 
which swings upon it, when it is versatile. 

In form and colour, &c., the anther and its lohes are 
suhject to numerous modifications, hut these need no 
special description. 

Dehiscence of the Anther, — ^When ripe, the face of the 
^mther opens, and the contained pollen is discharged ; 
this act is called the dehiscence of the anther, and inay 
take place hy the opening of each lohe in a longitudinal 
direction from the hase to the apex (fig. 11), when it is 
called longitudinal ; or in a transverse or horizontal 
direction, and then termed transverse dehiscence ; or 
pimply hy pores or slits at different points of the 
anther, when it is called porous ; or the whole or por- 
tions of the face of the anther open like trap-doors, 
which are attached at the top, and turn hack as if on 
a hinge (fig. 12, a), when the term valvular dehiscence 
is applied. 

The Stamens qenerally. — Having now descrihed 
the two parts of a stamen we have, in the next place, 
to take a general view of the stamens as regards their 
relations to one another, and to the other parts of the 
^ower. This may he treated of under four heads, as 
follows : — 

1. Number, — ^The stamens may he equal or unequal 

in numher to the sepals and petals, and corresponding 

terms are used accordingly. The actual numher of 

stamens a flower contains is indicated hy the G-reek 

tmmerala /prefixed to the word an<2fot£s, wiiich m^tos 

iimle or staxxien. Thus a flower \i«vmg ouq ^^snan is 
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monandrotis; two, diandroiis (fig. 10); three, triandrcms ; 
four, tetrandrotiSf and so on. When the stamens are 
few in number, sp as to be readily coonted, they are 
fiaid to be definite , when more than twenty in nmnber, 
indefinite, 

2. Insertion or Position, — 'When the stamens are free 
from the calyx and pistil, and arise directly from the 
thalamus below the latter organ (fig. 90), they are 
said to be hypogynoiLs, which signifies under the female 
or pistil. When the stamens are attached to the 
corolla, they are epipetalotts ; when they adhere to the 
calyx more or less, so that their rig. 90. 

position becomes somewhat lateral 
to the pistil instead of below it, they 
are said to be perigynotis. When 
.the calyx is adherent to the ovary 
80 that it appears to arise from its 
apex, the intermediate corolla and _, ^^ _^ 

t 1 •! 1 J ^» 90.— Stamens 

stamens are also necessarily placed arisSg below the 

on the summit of the ovary, and are pistil in a Bpedes of 
then caJled ^m,j« (fig.. 76). In ^^ZL^i^r 
some flowers the stamens not only 
adhere to the ovary, but the upper part of the stamens 
and pistil become completely united also, and thus form 
a column in the centre of the flower, in which case the 
flower is said to be gynandrous, 

8. Union, — The stamens may be either perfectly 
distinct from each other ; or union may take place 
between them either by their anthers or by their fila- 
ments, or by both anthers and filaments. Various 
iterms are employed to indicate the union of the parts of 
the stamens ; thus when the anthers cohere the stamens 
;are termed syngenesiaus. When the filaments unite the 
.union may take place in one or more bundles, the 
number being indicated by a Greek numeral prefixed to 
the word addphous^ signifying brotherhood; tiius, when 
in one bundle, the stamens are monadelphous ; in two, 
diadelphous ; in three, triadelphoiis ; and "^^bsjOk. ^.^tsisst^ 
;than three, polyqdelphmi^ 91^ ^^ \e.\^^x \«to^\^'^'^*^ 
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all cases when the stamens are united in more than two 
bundles. 

4. Relative Length, — When the stamens are shorter 
than the tube of the corolla, so as to be enclosed 
within it (figs. 88 and 84), they are described as 
included; or when longer, so as to extend beyond it, 
they are said to be exserted (fig. 88). As regards 
themselves, the stamens may be as nearly as possible 
of the same length, or more or less unequal; in 
the latter case, there is sometimes a definite relation 
existing between the stamens as to their length, and 
certain names are applied to indicate such forms of 
regularity. Thus, when there are six stamens to the 
flower, of which four are long and arranged in pairs 
opposite to each other, and alternating with two shorter 
solitary stamens, we apply the term tetradynanunu to 
indicate such an arrangement ; or when there are but 
four stamens, two of which are long and two short, they 
are said to be didynmnous. 

In the once celebrated Linnsean System, the characters 
of no less than twenty out of the twenty-four classes 
which that system comprised were derived from the 
number, position, union, and relative length of the 
stamens. 

QUESTIONa 

1. What do yoa understand by bisexual, unisexna], staminate, 
pistillate, and neuter flowers ? 

2. Ezplain the terms moncecious and dioecious. 

A. The Andrcecium, 

3. What is meant by the Androecium ? 

4. What are stamens, and what are the parts of a stamen ? 

5. What is meant by sterile and sessile anthers ? 

6. Is the filament liable to variation ? 

7. What is the structure of the anther ? 

8. Explain ^e terms face, back, introrse, and extrorse, as applied 
to t^e anther. 

9. Explain the terms adnate, innate, and versatile. 
30. what is meant by the dehiscence of the anther? 

11. What do you understand by longitudinal, tiuuven^, porou^ 
Mid vaJmJar debieoeDceoi anthers ? < 

J2, Jn wba.t reepedtB do stamen^ vary iaiiuinVMx^iAii Vrv is th^ 
Jtnaber iodioated ? 
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18. Explain the terms moaandxotia, tetrandrons, definite, and in*' 
definite. 

14. Explain the terms hypogynous, epipetalons, p^rigynons, aad 
epigynous. 
■15. What is the meaning of the term gynandrous ? 
~ 16. Explain the term syngeneslous. 

•17. Explain the meaning of adelphons, and describe what is 
jneant by monadelphous, diadelphons. and polvadelphoos. 

18. miat is meant by included and exserted stamens ? 

19. Explain the meaning of the terms tetradynamous and didy- 
namouB. 

20. What were the characters of most of the classes of thelin* 
nsdan System derived from ? 



B. The Gyncegium oh Pistil. 

J The pistil is the terminal or central organ of ihA 
flower ; it is called the gynoeciam hecause it represents 
the .female system in flowering plants. It consists otf 
one or more parts called carpels^ rwldeh are either dis*- 
tinct from each other (fig. 90, c), or combined into one 
body (flgs. 8 and 9). The pistil is simple when there is 
but one carpel (flg. 12), and cdmpound when there are 
more carpels than one (figs. 8 and 9). Each carpel (flg. 
vL2), as already noticed, consists — ^first, of a hollow 
inferior portion, which arises from the thalamus, and 
is called the ovary, and- which contains in its interior 
one or mora little bodies called ovules, which ultimately 
become the seeds, and which are attached to a projection 
pn the walls termed the placenta; and, second, of a 
stigma, or space of variable size, which is eiliier placed 
directly on the ovary, when it is said to be sessile^ or it 
is raised on a stalk prolonged from the ovary, called 
the style. The terms ovary, style, and stigma are 
applied in precisely the same sense when speaking of 
a compound pistil^ in which the parts are completely 
united, as with the simple carpel. 
. The Gyncbcium G;Enebally. — ^Having now alluded to 
the parts of the carpel^ we have in the next place torefbr 
briefly to the gynoecium or pistil generally. The carpels, 
as just noticed, when there are more t]bas:L ^\i%^ ^o^^iR^ 
eitb&F distinet from ei^li otixet ox mox^ QtV^s^'Qssjfei*^' 
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in the fonner case the pistil is said to be apocarpous 
(fig. 90), in the latter syncarpom (figs. 8 and 9). 
TVlben the pistil is apocarpous the number of component 
carpels is indicated by ttie prefix of a Greek numeral 
to the termination gynom, whi5h means female , and 
the flower receiyes corresponding names accordingly. 
In a sjnicarpous pistil the number of styles is also 
indicated in a similar way. Thus, a flower with one 
carpel or one style is monogynous, with two carpels 
or two styles digynous, with three carpels or three 
styles trigynoiis, and so on. 

In a syncarpous pistil the union of the carpels may 
be either partial or complete ; thus, either by their 
stigmas only, or more or less by their styles, or far 
more frequently in various degrees by their oyaries. 
In the latter case, when the ovaries of two or more 
adjoining carpels are completely united the body thus 
formed is csdled a compound ovary. A compound 

ovary may either have as 



Fig. 91. 



Fig. 93. 



many cavities as there are 
component ovaries, or it 
may only have one cavity; 
and as these differences 
have an important bear- 
ing upon the position of 
the placenta or point of 
attachment of the ovules, 
it is necessary that we 
should now describe the 
causes of such differences. 
Thus, in the first place, 
suppose we have three 
carpels placed side by side 

Fig. 91.— a, Diagram of three (fig. 91, a) ; each of these 

St^^iof^fr^aiii'of wm possess a single cavity 

the same. Fig. 92.— a, Diagram corresponding to its COn- 

of three ovaries united by their stituent OVary, and Sepa- 

ovaries. the styles being free : 5, a ^«j.^j r ^^ xiT -x; ^ 

tfnnMvene section of the ovaiies of ^^^®^ f^^ *^® cavities of 
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double wall, one-half being formed by the side of its 
own ovary and the other by that of the one next to it. 
This will be best seen on making a transverse section 
of the whole (fig. 91,6). Now suppose that these three 
carpels, instead of being distinct, were united by their 
ovaries (fig. 92, a) so as to form a compound ovary, the 
latter must necessarily have also as many cavities as 
there are component carpels (fig. 92, b), and each 
cavity would be separated from adjoining cavities by a 
wall, which is caUed a dissepiment or partition, and 
which is formed by the united sides of the two adjoining 
ovaries. 

The cavities thus formed in the ovary are called celUf 
and such an ovary would therefore be termed three^ 
celled ; or if formed of two, four, five, or many carpels, 
it would be two-celled, four-cdled, five-celled, or many' 
celled. 

In the second case, when a compound ovary has but 
one cavity, it is formed by the ovaries of its constituent 
carpels remaining flattened open bodies, which become 
united by their contiguous margins ; or by the union 
of ovaries partially folded inwards, so that all their 
cavities communicate in the centre (fig. 98), and hence 
in reality one-celled. 

Plaoentation. — ^We are now in a position to* under- 
stand the different kinds of placentation. The term 
placenta is applied to the more or less marked projec- 
tion in the cavity of the ovary to which the ovule or 
ovules are attached ; and by placentation we mean the 
manner in which the placentas are distributed, which 
varies in different plants, but is always the same for 
any particular species. 

In the simple ovary, or that formed out of one carpel, 
the placenta is always situated at what is termed the 
ventral suture or the inner margin of the ovary ; such 
a placenta is therefore commonly termed marginal 
(fig. 12). 

Li compound ovaries we TiavG \^3a^^ \mA^ ^ -^^'bs^- 
tatioD, nameljf axile or central, -paYleXaX^ ^».^ S"^** 
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centraL The aodU (fig. 92, b) occurs in all compound 
ovaories with more than one cell, because in these each 
of the ovaries of which it is composed is placed in a 
similar position to that of the simple ovary, and hence 
the placentas situated at their inner margins must be 
arranged in the centre or axis. 

In a compound one-celled ovary there are two 
kinds of placentation—- the parietal apd the free cen^ 

tml. The placenta- 
^8-93, Fig. 94. tiou is termed jpaW- 

etal when the ovules 
are attached to p]s^ 
centas either plabed 
directly on the inner 
wall at the ovary, 
or upon incomplete 
dissepiments formed 
(as abready noticed) 
by the partially in- 
folded ovaries (fig. 
98, pi); and a free 
central placenta is 
producisd when iiie 
placentas are situated 

with their mafripB sUghtiv infolded'; ^ the Centre of the 
pi, placentas. Fig. 94.--Yertical aec-. ^ovaiy, and perfectly 

t^°'o!X^;^S^lS; nnco^ecM^ththe 

ff, ovules; s, siyles, wall (ng, ^4, jp). 





!Fig. 93.— Tranverse section of the 
one-celkd ovary of an Orchk : c, ^^, 

of olded ; 



QUESTIONS. 

1. What is the gynoeciom, and why is it so called ? 

2. What is a carpel ? 

8. What is meant by a simple and oomponnd pistil ? 
. 4. Mention and describe the parts of a carpel. 

5. What is a sessile stigma ? 

6. iKsplain the terms apocarpons and syncarpons. ' ' 

7. How do we indicate the number of caroels in a compound 
jMsta? 

A What IB meant by a compound ovary ? 
A in what way does the compotoid ovaarr "WW \ii «iSWRfc to the 
number cxtita cavities ? 
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10. Explain how a oompoimd ovary with three cayities is 
formed. 

11. What are disigepiments and cells ? 

12. Explain how a componnd ovary with one cavity or cell is 
produ ced . 

13. What is meant by the terms placenta and placentation ? 

14. What is meant by a marginal placenta, and where does it 
occur? 

Id. What is meant by azile or central placentation ? 

16. What is meant by parietal placentation ? 

17. What is meant by a free central placenta ? 



Section III. — The Fruit and Seed. 

1. The Pbuit. 

• Nature and Characters of the Fruit. — After the pro- 
eess of fertilization has been effected (see page 17), 
important changes take place in the pistil and sur- 
rounding organs of the flower, the result of which is 
the formation of the £rnit. The fruit consists essen- 
tially of this mature ovary or ovaries, containing the 
impregnated ovule or ovules, which are then termed 
seeds. Even the styles and stigmas mostly disappear, 
. but the remains of the style frequently exist in the form 
of a little point on the fruit, which is then commonly 
described as apicvlate, and in this way small fruits 
may he generally distinguished from seeds. 

Although the fruit tiius consists essentially of the 
mature ovary or ovaries, other parts of the flower also 
frequently enter into its composition. Thus in those 
cases where the calyx is adherent to the ovary, as in 
the Apple and Gooseberry^ it necessarily forms part of 
the fruit ; in the Strawberry the fruit consists of the suc- 
culent thalamus bearing the carpels, commonly called 
seeds, on its convex sur&ce ; in the Acorn and Filbert 
the fruit consists of pistil, calyx, and bracts, combined 
together ; in the Pine-apple it is composed of ^e ovaries, 
Jloral' envelopes, and hracts of several flowers; and in 
the Fig we have also a fruit {otm<^<i ^1 ^^ \sqs^«s^ ^ 
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separate flowers enclosed in an enlarged fleshy recep- 
tacle. These examples will show the varying nature of 
the frnity so that although it consists essentially of the 
mature ovary, the term is also applied to whatever is 
combined with that ovary, so as to form a covering to 
the seeds. 

As the fruit is formed essentially out of the ovary, 
the modifications which it presents are described by 
similar terms. Thus we have simple and compound 
fruits ; apocarpous and syncarpous friiits ; superior and 
inferior ones. We speak also of one-celled, two-ceUed^ 
&c., fruits; and similar kinds of placentation occur in 
the fruit as in the ovary. 

Composition of the Fruit, — ^The fruit when perfectly 
formed consists of two parts, namely, of a shell or 
pericarp, and the seed or seeds contained within it. 
The pericarp consists of three layers or regions — an 
outer layer or epicarp ; a middle, the mesocarp ; and 
an inner, the endocarp. The middle layer being fre- 
quently df a fleshy or succulent nature is also termed 
the sarcocarp ; while the inner layer, from its hard- 
ness in some fruits, is likewise called the stone or 
putamen. 

In many fruits these layers are not clearly distin- 
guishable, but in others they may be readily noticed. 
Thus in such fruits as the Cherry, Plum, and Peach 
the separable skin is the epicarp ; the pulpy part, which 
is eaten, the mesocarp or sarcocarp; and the stone 
enclosing the seed is the endocarp or putamen. In the 
Apple and Pear the skin is the epicarp ; the fleshy part, 
which is eaten, the mesocarp ; and the core the endo- 
carp. In the Walnut, the woody shell enveloping the 
seed is the endocarp, and the green husk which covers 
this consists of the combined mesocarp and epicarp. 
In tiie Orange the outer separable rind is composed of 
mesocarp and epicarp; and the thin membranous 
partitions which divide the pulp into separate portions 
form the endocarp. These examples of fruits, together 
fpiYA those prevjouBly alluded to, will show in a striking 
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r Uie very varying ndnre and origin of the parts 
which are commonly eaten, 

DehUcmce nf tl\» FnUt. — At Tarying periods, bnt 
ooQ^tnonly when the frnit is ripe, the pericarp either 
opens BO as to allow the seeda to escape ; or it remains 
closed, and the seeds can then only become free hy its 
decay. In the former case the fruit is said to be 
tUhitetnt, in », « i •• 

the latter 
indehiieent. 
Fruits irith 
hard or 
fleshly peri' 
earps, such 
as the Nat, 
Cherry, A- 
■ pricot, Ap- 
ple, Qoose- 
berty, and 

rtnniTi. ou Fig.96.— V«lTidMd6hi«eeiioBo(th«frnito(ai» 
unmge, are j^^_ ^ 96,— Tr»niverM dehisoence (4 the ftnit 
nsoally in- of Pimpernel, 
dehiscent. 

Dehiscence may be either partial or complete; in 
the latter case the parte into which the fntit separates, 
which are longitndiiially arranged, are termed valrei, 
and the fmit is described as one-valved, two-vtUved, 
three-valved (fig. 96), &o„ according to their nnmber. 

In other cases dehiscence takes place in a transverse 
direction, by which the upper part of the froit sepa- 
rates from the lower, like the Ud from a jar or box 
(fig. 06), when it is called tnaiwfne ; or it may take 
place in an irr^olar manner by little pores or slits, 
when it is described as porous. These pores may be 
placed either at the apex, sides, or base of the fruits. 

Kinds of Fruit. — A great number of fruits have been 
distingoi^ed by special names, and several classifica- 
tions have been prepared by botanists ; bat in this 
little book we shall only refer to a few of the more 
important kinds of fruits. 
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1. FrviU formed by a Single Flower: — 

a. Simple Frnits, 

h, Gomponnd Fruits. 
S. FrmUfomedbyikecomhinationofieveralFloKen. 

J- Fkuttb poshed by a SiNGi-B Flowbk, 
a. SmFLE Fbuits. — By a timple fruit we mean ons 
vihich is formed of but one carpeL 

1. Legume or Pod.— TOas ia a enperior one-celled 

rig 87 Fig.K. *^'' contains 

one OT mora eeeda, 
which BplitB open 
down the back and 
front, as in the 
common Pea, and 
la hence two-vsl- 
ved (fig. 97). 

2. FoUieU.— 
This is a superior 
one-celled frnit, 



opens onl^' down 
its front, and ' is 
hence one-vatyed 

Kg, 97.— Lepimo of Pea; c, calyx i ep, {Ag- 98)- 
epioarp ; pi, ptecenta ; on, aeede, attsidied 3. Drupe or 

to the placenta by a stalk, /; en, endocarp. fltmui . Wndt T« 

Fig, Sfc-Follida of the Columbine. ^^"^ ^™"' — " 

a BapenoT, one- 
cblled, one or two-seeded, indehiscent friiit, having a 
fleshy or pnlpy Barcocarp, and a hard or atony endocarp, 
U in the Cherry and Peach, and the pericarp altogether 
separable into Its component parta, namely, of epicarp, 
aarcocarp, and endocarp. 

'.'4. Achenium or Achene. — This is a superior, one- 
celled, one-seeded fmit, witb a dry indehiacent pericarp. . 
8noh froita ate frequently miaiaken for seeds, bnt may 
etimmonly be diatinguished by the remains of thd str^le 
npon tbeir BUi&ee. 
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: b, GoKPonND Fsmrs.— By a compovnd fruit we mean 
one which is farmed by the more or lees complete combma- 
tion of two or more earpeli. 

1. C(^mU.—TiaE is a saperior, one or more celled, 
nuny-aeeded fmit, with ei dry dehiscent pericarp (fige. 95 
and 96). Dehisoenca ma; 
either be Talvnlar, trane- 
verse, or porous. It is a 
very oommon kind of fruit. 
A capBole vritb transverse 
dehiscence (fig. 96) is fre- 
/ qnentlj called a ^n/iru. 

2. SiUqiiaorSUijue. — 

This is a Boperior, long, 

narron, many-seeded froit, 

i k \i'^ diYidedcommonlyintotwo 

\l 9' ceUs by a Yertical frame 

\li ' or partition, from which 

^1 . two ralves separate from 

^1 * irt J below upwards whan ripe, 

^' "" as in the Wallflower and 

Bitter CreBB(fig. 99); when 

this kind of frnit is short 

and broad, and contains 






bnt few seeds, ii is com- 



oreM, showing the anqo^ /,/, 
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8' Berry. — Tbia is an inferior, one or more celled, 
many-seeded pulpy frnit. This froit does not open, 
and its seeds, which are first firmly attached, ultimatelj 
lie loose in the pnlp. Examples occur in the Qoose- 
berry and Oorrant. 

A modification of this kind of &nit occnrs in the 

' Cncnmber and Uelon '; the essential difference being 

that in this fmit, vbich is called a ptpo, the seeds which 

are imbedded in pulp, never become loose, as in the beny. 

4. Pome. — This is an ioferior, two or more celled, 
few-seeded, indebiscent, fleshy fruit, the endocarp of 
which is pspeiy, cartilaginous, or bony, and sur* 
rounded by a fiesby mass consisting of the combined 
mesocarp and epicarp. Examples may be seen in the 
Apple, Pear, and Medlar. 

2. Fbuits 



All frnita thus formed are distingnished by the name 
of collective fruiti. 

Of these it is only necessary to describe the Cone, 
the froit of the Fir, Larch, &c 
I'bia is a more or less lengthened 
fi-iiit, composed of a number of 
hardened scales (figs. 68 and 
101), each of which bears at its 
base one or more naked seeds. 
When such a fmit is mere or less 
rounded in form instead of coni- 
cal as in the true cone, and the 
seeds of the scales mneh en- 
larged, as seen in the Cypress, It is 
then generally termed a gaUntlut, 
The fruits of the Hop, I^a* 
apple, Mulberry, and Tig, are 
also formed by the combination of 
several flowers, andhave received 
dietinctire names, but we cannot 
Xjs!. ioi. — OiM oTXinli, refer to them here. 
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QUESTIONS. 

Of what does the fmit esaentially consist f 

2. Explain the term apiculate, and show how small f niits may be 
distinguished from seeds. 

3. What, is the nature of the fruit in the Ai^le and the Straw- 
berry? 

4. What is the composition of the fmit in the Acorn, Filbert, 
Pineapple, and Fig ? 

5.- What is meant by the term fruit as botanically applied? 

6. What do we understand by simple and compound, apocarpcrs 
and syncarpous, and superior and inferior fruits ? 

7. iixplain the meanmg of pericarp, epicarp, mesocarp, endocarp, 
sarcocarp, and putamen. 

8. Indicate the layers of the pericarp in the Cherry, Plum, ar.d 
Peach. 

9. Describe the pericarp in the Apple, Pear, and Walnut. 

10. Indicate the layers of the pericarp in the Orange. 

11. Explain the meaning of tne term dehiscence as applied to 
the fruit. 

12. What are dehiscent and indehisoent fruits ? Give examples of 
the latter. 

13. What are the valres of the fruit ? 

14. Explain the terms valvular, transverse, and porous dehis- 
cence. 

Kinds of Fruit. 

15. What is the simplest arrangement of fruits ? 

16. What is meant by a simple fruit ? 

17. What is a leffume ? Give an example. 

18. What is a follicle ? 

19. What is a drupe ? 

20. What is an achenium ? 

21. What is meant by a compound fmit ? 

22. What is a capsule ? 
28. What is a pyxis ? 

24. Define the siliqua and silicula. 

25. W^t is a berry ? Give elamples. 
^. What is a pepo ? Give examples. 

27. What is a pome ? Give examples. 

28. What are collective f raits ? 

29. What is a cone ? Give examples. 

30. What is a galbulus ? Give an example. 

31. To what dass of fruits do the Hop, Pine-apple, Mulberry 
and Fig belong ? 



2. The Seed. 

We have already stated that the oyary contains in 
its interior one or more little hodies, called ovules, 
which by impregnation become seeds ; but in some 
plants (as in the Fir and others <si t\ift C>q^^ ^st^^st^vcoS*. 
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a few other allied orders) the ovnles, instead of being 
enclosed in am ovary, are placed on the margins of 
altered leaves, or at the base of hardened bracts. 
Snob ovules are therefore called naked, and as the 
seeds of snch plants are also necessarily naked they 
are called Gymnospernumsy that is, plants with naked 
seeds; whilst ordinary plants, or those in which the 
ovules and seeds are distinctly enclosed in an ovary, 
are termed Angi/)8permou8. 

The seed is defined as the impregnated ovule, a^d 
like it it is either sessile on the placenta, or stalked 
(fig. 97, /)i its point of attachment being termed the 
hilum. The number of seeds in the fruit is subject to 
much variation, and corresponding terms are accordingly 
employed, as one-seeded^ two-seeded, &c. The seed may 
be also either erect, pendulous, &c. In form, again^ 
the seed varies much, and is described accordingly as 
rounded, oval, ovate, &c. 

Stbuotube of the Seed. — ^As already noticed, t|ie 
seed is essentially composed of two parts, as seen in 
the Almond (see pstge 10 and fig. 1), namely, of a 
nucleus or kernel, and integuments. 

1. Integuments, — ^There are commonly two sded- 
roots or integuments, an outer and an inner.' The 
latter needs no notice here ; but the former, which is 
commonly termed the testa, varies in colour, texture, 
and condition of surface in different seeds, and thus 
frequently affords important characters by whidh they 
can be distinguished from one another. Thus in 
colour, seeds may be white, blacky mottled, &e. ; in 
texture, soft, fieshy, woody, &c. ; or present a smooth, 
wrinkled, or spiny, &c., surface. 

Some seeds, again, have winged appendages, and are 
hence termed winged ; or when they have .a tuft of 
hairs arising from a particular point, such a tuft is 
called a coma, and the seed is comose. 
- On the surface of some seeds we find small irregular 
/xrotnherances, which are called caruncules ; and in other 
seeds we have an additional integranent, to which the 
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name of aril has been given. This is generally of a 
partial natnre, and is well seen in the Nutmeg, where 
it forms the coverings which is commonly known when 
separated as Mace. 

2. Niuilem or KemeL — ^We have already mentioned 
that the nuclens of the seed may either consist of the 
embryo alone (fig. 1), which is alone essential to it, or 
of the embryo enclosed to a greater or less degree by 
nourishing matter called the albumen (fig. 2, a). The 
strncture of the embryo has been already sufficiently 
described ; and with regard to the albumen, it is only 
necessary for us to say a few words. 

Seeds with albumen are called aVmrmnoua^ while 
those in which it is absent are exaUmminous, The 
albumen varies in amount in difierent albuminous seeds, 
and in all cases will be necessarily in inverse propor- 
tion to the size of the embryol The albumen will also 
vary much in character in difierent seeds. Thus, in 
the Wheat and other cereal grains it is filled with 
starch, and is described accordingly as mealy or farina' 
ceous ; it is fleshy in solne seeds ; oily in others ; hard 
and homy, as in the Yegetable Ivory Palm, wWe It 
constitutes the substance commonly known as vegetable 
ivory; and in some few seeds it presents a mottled 
appearance, as in the Nutmeg and Betel-nut, when it 
18 described as ruminated. 

QUESTIONS. 
1. Wliat are seeds ? 
. 2. What are naked ovnles ? 
8. What is meant by gynmospermons and angiospermons plants ? 

4. What is the hilnm of the seed ? 

5. Of what is a seed essentially composed ? 

6. How many integuments ate there in a seed ? 

7. What is the testa, and in what wajB does it vary ? 

8. Explain the terms winged and comose. 

9. What is a oaruncule ? 

10. What is an aril ? Giye an example. 

■ 11. Of what does the nudens or kernel of the seed consist ? 

12. What is meant by albuminous and exalbnminoas seeds ? 

18. What is meant by mealy or farinaceous, fleshy, and oily 
albumen? 

14. What is homy albxuDoen? Qf\:q^«EL«3UMS!C^'5k» 
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CHAPTER rV. 



FLOWERLBSS OE 0BYPT0(JA1£0US PLANTS. 

Up to the present our attention has heen ahnost 

ezelusiyely directed to Flowering Plants, or as they are 

technically called Phanerogamous Plants ; hut our sketch 

of the organs of plants will he incomplete without a hrief 

notice of the other great suh-kingdom of plants called 

rig iw Flowerless or Cryptogamous. The 

simplest plants of this kind may he 

seen in the Bed Snow, each of which 

consists simply of a roundish mem- 

hranons hag or hladder (fig. 102), 

Fig. 102.— ^veral which is called a cell. In other 

^^^w plants simple yiantg the ceU of which they 

(magnin ;, ^^ constructed is either lengthened 

80 as to assume a tuhular form, or branched in various 

ways ; but in all these simple plants we can detect no 

separation of the nutritive and reproductive functions— r 

which is so evident in the higher 
rig. 108. plants ; but the cell of which they 

are composed is capable of per* 
forming both these functions. 
The plants immediately above 
these consist of a varying number 
of cells, either combined in a 
single row, or variously branched 
(fig. 108). In these plants we 
also frequently find one or more 
of the cells of which they are 
composed acquiring especial de- 
Fig. 103.— A species of velopment and producing in their 
^OTl^^th two stalks, interior a number of others of a 

/om wiucbl naJb^r"^f Smaller size (fig. 103). Here we 
iaaUMporeaate cacapmg, have the fir at trae^ oi a ^e^ww^vstL 
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oi distmctlon of the cells of a pifuit into those adapted 
for nutrition and those for reprodttclion, as the sinaUer 
eelli QiuB developed in the interior of the larger ones 
are especiallj designed for reproducing the plant, in 
the same way as the seeds' of Flowering Plants are 
adapted for that purpose. These reprodnotive cells 
are called ipore* (fig. 103). 




lig. lot— Oak Udun. 

In the plants above these simplest ones we find 
the cells of which thej are composed combined in 
Tariona wa^rs, so as to form flattened leaf-like ex< 
pansione (^. 104 and 106) or solid axes (fig. 106), 
aa also special oi^ans of reproduction ; bnt up to 
thia point ve have no examples of plants presenting 
any distinct axis bearing leaves. Such plants are 
therefore called ThaUophyta or TkaUogettM; that is, 
plants consisting of a thcdlw, because the latter 
term is applied to any filamentous or flattened leaf- 
expansions, of whatever form, which have no axis or 
stem distinct from, a leaf, bnt the two combined, as it 
were, together, and performing the office of both. 
Under the head of Thallogens we comprise those 
flimpter forms of plants which are commonly kna<)m. . 
aa Sea-weeds, Utuhiooma, ucA \AsS[u«a&. i>:sjs^»^ ^^ 
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ThoUogens are entiTely composed of short oellBi witiioQt 
anytiacefifeloBr 
^ ng. <B^ g^^^ tubnV 

bodieB, called 
wood-cells and 
vessels (so? page 
109eJidfig8.iaX 
—127), ■wHoh, 
with rare excep- 
tions, are found 
in combination 
with anch cells 
m all other 
plants, they are 
termed OeUtdar 
P^nts, the more 
fai^ily develop- 
ed plants placed 
above them be- 
,ing called Vm- 
cvtar Plants. 

From Thal- 
logens, by vari- 
ona intermediate 
stagGB, we arrive 
Fig.lOB.— TliftUiwofaBeaWoed. at another, order 

of plants^ the 
Ixne Mosses (fig. 107), which present ns vitii an evidmt 
Item bearing leaves. In these, alao, we find the first 
trace of roots in the form of little tabnlar prokngw- 
tions &om the lower part of the stem. In the Hosses^ 
therefore, we have ^t distinctly . shadowed forth the 
three essential organs of the liigher plants, namely, the 
root, sUm, and leaf. All plants, &om the Mosses npwards, 
are presented to ns under ordinary circnmstaoces with a 
distinct axis, commonly bearing leaves. Snch are there- 
fore &eqnently known as Conrwphytm or Cormogetu, 
■ x^mi^dng ^tem-prodncing plants, to distingoish' ttiem 
Aaio the Thallophytes or rAoiiogeiw, ix)^,&M«^cfiKA. . 




The lowest 
onden of these 
Sinn - prodnc- 
ing plantH, 
fneh BB the 
UoMes (fig. 
107)r are com- 
pnratiTely in- 
Bignifioant in 
appearance; 
and this is 
even generally 
the ooBe with 
Ferns, bo far 
ai the; are no- 
tivea of eold 
and temperate 
regions, but in 
the warmer parts of the world and in the tropica, the 
latter plants frequently grow to a oonsiderahle hei^t 





■j^ 



Kb. 107.— Spedei <A 
MoBB^Brytm), Kk.108.— 
Bpoic-caso of & lion : ^, 
Hpcnagmm, Buppotttd fin 
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and form iiandaoma treea. These planta, however, 
lite all previonBly noticed, are reprodaoed by sporet^ 
Mid never prodace evident flowers like &.a Wgher 
kmd of planta, hence all Bpore-fonning plante are 





BpaisB amnged on emke-like pio- 
Dwaea. fig. 110.— Fortion of a 
fnad of the male ITern, with two 
toA, f, (, corered by >n indn- 



denominated Flowerlessi or technically Cryptaga- 
mou>, that is to say, plants with concealed or inviai- 
ble reprodnctive organs. Again, ae a spore has no 
enabiyo ^it can have no cotyledon, consequently flower- 
/^ faints have been also called aeotyUdotums. These 
iSjpiogtimouB plants are again divided into two gronps 
oall&d, reBpectively, Acrogena an6L TKnUogens, ^loaltiUHr 



Gom^iBing tiie sinipter forms of plaots, whicb, sb pre- 
vipUBly uotioed, are commonly known as Sea-weeds, 
MushroomB, and lichens, and which present; no dis- 
tinction of leaf and fltem; and the former gronp, such 
plants as the Mobsos and Ferns, which present ub with 
an evident stem bearing leaves. 

All plants rig.m. 

above the 
Ferns, &om 



gana, are 
tenned, aa al- 
ready noticed. 
Flowering or 
Phaneroga- 
mous plants, 
and have been 
fdllydeBcribed 
in Uie preced- 
ingpt^esjand 
with a brief 
description of 
the reprodac- 
Uto organs of 
E*erna and 
MoBBes we 
shall condnde 
this part of 
our little 

B^oductive Organs of Ferns, — In Ferns the spores 
or bodies representiiig the seeds gf Flowering plants 
are contained in little sacs, which are either arranged 
in dnsters on the under surface of the leaves (fig. 110], 
or oq_spike-like processes (fig. 109) at theii <Kiia<stKir 
ties. The leaves,' wMoli ftiua Vb'w "liia S-nw.ti.^R.tOiwo-% 




?ig. 111.— Colled np yonng fnmdi of a Farn. 
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as it Ib called, are cominonly termed Jrondi ; itnd 
when yoni^ are cheracterised by being coiled ap in a 
circinate maDuer, like a croeier (fig. Ill), in n similar 
manner to the jotmg flowers in a scorpioid cyme (see 
page 66). These olastetSi which are brown when 
ripe, are termed sori. These aori are either naked, or 
covered at first by a pale coloured membrane, which is 
called the indusiuw. (fig. 110, s). This indnsinm be- 
comes nltimately wholly or partiaUj detached, and th« 

„ minate sacs, called ^>ore-ca*e» or 

sporangia, of which each sonu is 
composed, are Uten exposed to 
view. If these apore-caeea be 
examined by a magnifying lens, 
they will be usually found to be 
stalked and snrronnded more or 
less completely by a rii^ or 
annubig (fig. 112, g); this ting 
ia frequently elastio, and thus 
causes the bursting of the Spore- 
cases when ripe, so as to allow 
of the escape of the Tery minute 
spores which have been prodneed 
within them. 

These spores, whioh are micro- 
[ seopic cells, are usually somewhat 
irregular in form, and have two 
coats. In germination, the inner 
i protruded and ultimately forms a t rh'n greea 
flat leafy expansion, called a prothallivm, front 
the under surface of which one or more delicatft 
root-fibres are commonly produced in its earliest 
stage. On the same under surface we hare also, 
developed minute cellular bodies of two distinct kinds,. 
.which represent the stamens and carpels of flowering 
plants. One of these, called an anthtridivm (fig. 118), 
contains a number of very minute cells, in each of 
wJtich ia a little spirally-waved filament, termed ft 
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the pollen of flowering plants. The other ceUulur 
body, representing the carpel of flowering planta, is 
called an archegonvum ; it 
has a Uttle canal in its 
centre leading to a oavitj 
called the embryo-sae, in 
which ia a little cell (germ- 
eell) which is fertilised by 
the contact of the sperma- 
tozoida of the antheridia, 
and the result is the forma- 
tion of a new plant, reaeiu- 
bliDg the one from which 
ihd spore was originally 

^^^^■* ^. . ^B. n3.-Side view of ^ w- 

ine dinerence between theridium of a Fern, oonttuning 
the germination of a spore " nnmber of Bparm-ceUs, «; 
of . Fem „a lh.t of . «,ed SS^"S^S.^ 
18 thns seen to consist in the 

fiut that a seed directly produces a new plant in the 
process of germination ; but a spore forms in the first 
case a thalloid expansion on which the bodies are prp- 
dnced, which by their mutual action cause the develop- 
ment of a new plant. This has been called an alterna- 
tion of generations. 

B^nroductive Organs of Mosses. — ^In Hosses the 
iporangia or spore-cases are placed upon hair-like 
stalks or seUe. Each of these spore-cases, when fully 
formed, is a hollow nm-like case (fig. 108, sp), which 
is corered at first by a kind of hood or calyptra, e. 
Wben this is removed the sporange is observed to be 
closed by a lid or operculum, o; and when this is separ- 
ated the mouth of the spore-oase is seen with its mai^in 
commonly aurrounded by one or two tows of teeth, 
forming collectively what has been termed the peri- 
itome, per. These teeth are. either four in number, or 
some multiple of fbor. 

In germinatum the spores which are couW.'o.Q^'trik^iXi. 
these spore-cases atfiraV'gToi'o.'ift «.Tj««*.-wSsi.x<*i^»*^-> 
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branches, and leaves, upon the leafy shoots of which 
antheridia and archegonia are developed, as on the 
prothallium of Ferns, the result of the mutual action 
of which is the formation of the ^orangia containing 
spores, as just described. 

Besides the Ferns and Mosses now described, all 
Cryptogamous plants have reproductive organs which 
perform analogous purposes to the stamens and 
carpels of flowering plants, hence such plants are not 
aseamal, as was formerly supposed, but only Crypto- 
gamous, that is, literally, with the sexes concealed or 
obscure. 

The further description of the reproductive organs ci 
Flowerless Plants would be out of place in this littTe 
work. 

QUESTIONS. :; ^'" 



1. What is the stmcture of the simplest fiowerleos. p^^ ? :.... . 

2. What is the structure of the flowerless plants immediately 
above such, as the Bed Snow, and what provision is made in~ thekn 
foe reproduction? - I — i. .". 

3 What are the reproductive bodies of the flowerless plants 
called? 

4. What is a thallud, and what are Thallog^ns ? 

5. What plants are included in the Thallogens? 

6. What are ceUular plants ? 

7. What are vascular plants ? 

8. G-ive a general descripti(m of a.Moss. 
Sf. What are Oormogens ? 

10. Why are flowerless plants also called ciTptogamous ?. . 

11. Why are such plants called acoi^ledonous ? 

12. What are acrogens, and what ^ants are inckided in them ? 

13. What are aU plants above the Terns called? ,. j. . ,. 

14. What aie fronds ? 

16. Describe the fructificsctioii of a Fern. 

16. What is a prothallium, and how is it formed ? 

17. What is an antheridium, ajid what is its structure ? , ;j 

18. What is an archegonium, and what is its structure? 

19. What is meant by alternation of generations^ ' ....*« 

20. Describe the fructlflcation of a Moss. . : .;. 

21. How do the spores of mosses germinate ? ^ 

22. Is the term asexual properly applied to floweiless planti^? ' 
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PAET 11. 

Structural Botany. 

We have hitherto only given a general sketch of the 
Virions organs of a plant as they are presented to ns 
on Hie most superficial examination by ihe naked eye. 
Bnt if these several organs be more minutely examined 
by the aid of the microscope, it will be found that they 
are made up of others of a simpler kind in the form 
of littie membranous .closed sacs, called cells, and 
elongated tubular bodies of various forms, sizes, and 
appearances. Hence, in describing a plant with refer- 
ence to its structure, we have two classes of organs to 
allude to, namely, the compound oi^ans or those 
which are visible to the naked eye— *-as the root, stem, 
leaf, and the parts of the flower; and the elementary 
structures of which these compound organs are com- 
posed. A comprehensive knowledge of these elementary 
structures, or building materials of plants, is of course 
essential to a complete and satisfactory acquaintance 
witli ihe compound organs ; but it will only be neces- 
sary for our purpose to give a very brief sketch of the 
subject. The description of this elementary strtictor^^ 
of plants is termed Vegetable Histology, 



CHAPTER I. 



YEaETABLE HISTOLOGY ; OB ELEMENT AEY STBUOTUBE 

OF PLAJNTTS. 

Section I.— Of the Cell as an Individual. 

All plants in tiieir earliest condition are composed of 
one or more delicate membranous closed sacs, caUed 
eeVs, AU the org^a -wTcoalu «t^ tSto:^'^^ VsosS^^ 
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the plant are also made np of various modifications 
of these structures. The cell is therefore the first and 
only elementary organ of a plant, namely, that from 
which all the other organs, however complicated, are 
derived. It will be necessary, therefore, for us to 
describe this cell as fully as we are able. 

1. FoBM AND Size op Cells. — a. Form. — ^In its 
earliest condition, the cell consists of an exceedin^y 
thin structureless membrane, enclosing various sub- 
stances; and when developed in a space where it is 
perfectly free from pressure, and when equally nourished 
at all parts of its surface, it assumes a more or less 
rounded form (fig. 102). But in consequence of cells 
being usually developed in a more or less confined 
space, where they are subjected to varying pressure 
from the surrounding organs, and unequally nourished at 
their different parts, they assume a number of other 
forms, as elliptic , angular, fusiform, cylindrical, &c, 
(figs. 116 to 121). 

The description of all these varying forms of cells is 
unnecessary; it will be sufficient for us to say that all 
cells, so far as their forms are concerned, may be divided 
into the short and long. The short cells when com* 
bined togeiJier so as to form a tissue, are bounded by 
plane or rounded surfaces (figs. 115 and 120), so that 
they simply touch each other at their sides or by their 
flattened ends ; but the long cells, having commonly, 
tapering extremities, when they combine together, 
overlap one another, and become interposed between 
the sides of the cells which are placed above and below 
them (figs. 116 and 121). Another distinction com* 
monly observed also between iJie short and long cells, 
consists in their cell-walls ; thus the walls of the short 
cells are usually thin, while those of the lengthened 
cells are more or less thickened by the deposition of 
incrusting matters upon their inner surfaces (fig. 121). 

From this description of the short and long cells, it 

fFilI he seen thai the latter are admirably adapted for 

^ose parts of a plant where streng^ «i;ii^ iaia£i6^« «t^ 
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ivqnind, and that iha former are only suited for soft 
itiTictiireB. 

b. Site. — Whether cells are short or long, they are 
wsentially microscopic, for it is only in very rare esses, 
aa in certain water plants, that they are sufficiently 
luge aa to be visible by the naked eye. In the short 
cells the two diameters do not present any striking 
djfierences aa to size, and these commonly vary from 
about yJir *« Wit of an inch ; but in the lengthened cells, 
while their transverse diameter is frequently less than 
the T a'dff of an inch, they are sometimes a quarter of an 
inch or more in length. 

2. Cell- Wall or Cbll-Meubbane, and Contents of 
Cells. — a. Cell-WaU. — The membrane which consti- 
tutes the walls of cells is at first very thin, transparent, 
and colourless, and readily permeable to fluids ; but as 
it increases in age, it frequently becomes coloured, and 
ii thickened by the sacoesaive deposit of new matter 
upon its inner surface (fig. 114). These thickening 
layers are commonly called se- 
condary layers or deposits; and it 
is to them that the hardneaa and 
firmneaa of wood and the stones 
of fruits are due. From their 
eonunon occurrence in wood, the 
term lignin is also frequently 
applied to these deposits. 

When the membrane ia first 
deposited it is seen, when ei- ttojul 

amined by a microscojw, to be >«.tiono(atUckoiedi^ 
perfectly homogeneous m appear- wall, ghowiog •ecooduy 
ance like a piece of the clearest ^TO' 
glass ; but when thickened by 
■eeondary layers, aa these are not imperforate like the 
membrane couatituting the original cell-wall, but either 
perforated so as to resemble a sieve, or forming delicate 
tbraads or bands arranged in a more or less spiral 
direotion ttn its iiuier snr&ce, tha m<&T^^'«xv& '^omo. 
juwente, whea viewed by bai&a;a:c&\fi&, \u^ ^ss&sst, '^» 
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midOBCope, imnieronB tTanspareot BHiB or dots (fig. 
116), or dots Borroimded by discs (fig. 116), oi-ft 
more or Iqbb epiral character (fig. 117); and w& bave 
tbns formed varions kinds of Fitted and Spiral CdBB. 

Fig, 111. FiK, iw. rig. ur. ' 




_.„ _ „. --nae-beMiiie wood-edla of 

thePir. Fig. 117.-8fdi»l C'*^ 

6. Contentt of Oeib.— When young, cells axe filled 
frifh a viscid nearly cOloorlesa fiuid, oaUed protopltmii, 
in which may be seen one or more little bodies, called 
Nuclei (fig. 118), in vbich are placed one or more 
bright spots, called NwI^U. The presence of this 
flnid witb its Nuclei is evidence that the cells are in an 
active vital state, and hence in all the growing parts tit 
plants Buoh cells axe fonnd. Bat as the cells increase 
in age, this viscid finid gradually becomes replaced by ft 
watery fluid called the. sop, in which a great variety of 
other sabstances are cither dissolved or found floatin^^ 
The more important of these are chtoropkyll, sUtrch, 
and raphides. i 

CkJorophyU is the name applied to the green coloorii^ 
matter of plants. It generally ooenrg in the form <rf 
grannies, which float in the sap, and is tmly formed 
mider the influence of light, and ' therefore is fonnd 
only on the parts of plants near their snr&oe. li is 
for this reason that when plants grow in the dark thsy 
presffiit a blanched appearance. 

The peculiar tints of the petals, and of other puts 
o^ green, are aJso dne to coloonng matters of various 
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parts are made up. These colouring matters are fre- 
quently compnsed under the common name of chromule. 

Fig. 118. Fig.U9. Fig.UO. 






Fig. 118.— Cell with nudens and nucleolas. Fig. 119.— Cell of 
the Potato contaiziing Bturch-granules. Fig. 120.— Three pells of 
the Common Beet, one of whicn contains crystals or raphides. " 

Starch also occurs commonly in the form of granules, 
which vary in form, size, and appearance in dififerent 
plants (fig. 119). Arrowroot, sago, and potato starch 
may be mentioned as familiar examples of starches. 
It commonly occurs only in the internal and subter- 
ranean parts of a plant, or those removed from light, 
in which respects it presents a marked contrast to 
chlorophyU. Starch is among the most abundiont and 
most umversally distributed of all the cell-contents of 
plants. 

Eaphides.^J^hiB term, which is the Greek fot needles, 
was originally only given to those crystals of plants 
which were shaped liSae a needle, but tiie name is now 
applied to crystals of any form found in the cells of 
pl^ts (fig. 120). In some plants these crystals are 
so abundant that their dried parts are perceptibly jgritty 
when chewed, as for instance rhubarb root. 

QUESTIONS. 

I. 'What is the microscopic stmctare of plants ? ^ 

2^ What is meant by compound organis, and what by elementary 
stnuctm^es? 

8. What ismeant by vegetable "histology? 

4. What is a cell? • , 

6. What is the typical lona ol «b crS^ wA "W^ «t^ Ki^ioKt \s$t5»^j 
prodnoed? 
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6. Describe the general characters of the short and long cells. 

7. In what parts of a plant are short and long cells found ? 

8. What is the size of the short cells ? 

9. What is the size of the long cells ? 

10. What are the characters of the cell-wall of yonng cells, and 
how is it thickened? 

11. What are the thickening layers called ? 

12. What differences are produced in the appearance of the cell- 
wsU by the deposition of secondary layers ? 

13. What are pitted and spiral cells ? 

14. What is protoplasm, and what is its presence in the cell 
eyidenceof? 

15. What are nuclei and nucleoli ? 

16. What is the sap of plants ? 

17. What is chlorophyll, and where is it found ? 

18. Whatischromule? 

19. In what form, and in what parts of plants is starch found ? 

20. What are raphides ? 

21. Are raphides abundant in any plants ? 



Section II. — Cells in CoifsiNAxioN. 

We have already mentioned that cells, so far as 
their forms are concerned, may be divided into the 
ihort and long. Bat besides these long cells we have 
other tubular organs in plants which are termed vessels. 
These latter organs are either formed directly from 
lengthened cells, or, as is far more generally the case, 
from a row of cylindrical cells placed end to end, the 
intervening partitions of which have been absorbed, so 
that their cavities form a continuous canal. By the 
combination together of the short and long cells and 
vessels we have compound structures formed, which 
are called Tissues. 

1. Gbllulab Tissue. — This is composed of com- 
monly thin-walled cells, whose length does not much 
exceed their breadth, or in which the proportion of 
the two diameters does not vary to any great extent. 
This tissue, as already noticed, constitutes the entire 
structure of the lower order of plants or Thallogens, 
which are hence frequently termed Cellular plajits; 
^0ad it forma all ike soft parts of Vasculax plants (see 
f^o 96) ; and in cultivating plaala ox pwc\» oi ^Wv,^ 
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f<Hr eofiiiaiy purposes and for food genenllj, tlie great 
object aimed at is to derelc^ this tind of tissae as hx 
as possible. 

2. WooDT TiBSUS.— This is com- rig.in. 

posed of Tery long thick-walled 
cells wifli tapering extremities (fig. 
121), fddch when in contact OTcr- 
lap each other so as to form a yerj 
compact and firm tissne. The 
woody portions of all plants con- 
sist in a great degree of this form of 
tissue, as well as the inner bark of 
trees and the veins of leaves — in 
foct all parts where great firmness 
and ton^mess are required. 

From the characters of this tissue 
it is admirably adapted for Tarions 
textile fabrics and for paper-making. 
Hemp, flax, jnte, and china-grass cells^wiih th i ck e nad 
are familiar examples of snch tissues ^*'^*^* 
(or, as they are commonly caXLed, Jibres)^ which are in 
use for such purposes. 



Fig. 121. — Wood- 



riff, in. 



Fiff.Ui. 



FIff.lK. 



liff.US. 



Fiff.i». 





Fig. 122.— PiUed Tend. Fi^. 123.— Spiral TMsela. Fig. 124.— 
Aimiilar TeiMieL Fig. 126.— Beticnlatod Teeoel. Fi^« 12&.— ^onlbia^- 
ftnnak 
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Fig.Ur. 



8. Yasoulab Tissue.' — This tissue is commonly as- 
sociated with woody tissue, so as to constfliute the hard 
parts of plants. It is composed of elongated tubular 
organs, but larger than the elongated cells of which 
woody tissue is formed. There are several varieties of 
vessels, the nature of which essentially depends upon 
the different kinds of cells out of which they have been 
constructed. Thus we have pitted vessels, the largest of 
all which occur in plants, which present a pitted or dotted 
appearance (fig. 122) ; spiral vessels, which have thedr in- 
side occupied by one or more elastic spirally-coiled ftbrps 
'running &om one end to the other (fig. 128);. annuUiary 
reticulatedi and scalariform or ladder-like vessels (fig^» 
124 to 126), which are marked on their inside by fibres 
arranged in rings, reticulations, or in bars over one 

another, like the steps of a ladder ; 
or, lastly, laticifer(yus vessels, . which 
are long branched tubes (fig. 127) 
uniting freely with each other like 
the veins of animals, and containing 
the milky juice of plants, which is 
called latex. 

By the combination together of 
the various kinds of cells and ves- 
sels now described the main fi^bric 
of the plant is made up. The lower 
plants of Thallogens are composed 
entirely of Cellular Tissue ; but all 
plants above them consist partly of 
Cellular Tissue and partly of a tilsue 
formed by the combination of Wciody 
Tissue and vessels of dififerent kinds, and which is 
therefore commonly known under the name of Ftbro- 
vascular Tissue, 

4. Epidermal Tissue. — In all the higher Flowerless, 

and generally in Flowering plants, the surface of the 

different organs is invested by a layer (fig. 128), which 

18 formed of flattened cells called taftwZar, and covered 

by a, thin feansparent pellicle. TViia m^e^^Mi!^ Ik^qs: is 




Kg. 127.— 
Latidf erous vessels. 




Ill 

rnOed the gmaral inttgummt, or, techoioally, Epidermal 
TmM. The inner callnlar por- ^^ 

tien, e, a, is called the epidermU ; 
and' th9 outer pelliole, p, p, the 

The ^idermis covers all the 
pwtg' of plants npon vhich it is 
fonnd'titat are d^ectly exposed 
to Om air, except the stigma of 
flowning plants ; and it is in all 
Maet absent from those which 
liTs nnder- voter. In sach parts, 
and also in Thallogens, which 
have, no true t^i^ennis, the. kr. i28.-BpfdeimBi 
Btinaoe is invested by cuticle tisBBs from the leaf of 

Oalj. ""^ ^*'' Pi Pi cMiclei 

StmnflftM.— Between some of S^J^jf "' *■ ■*'■ 
the epidermal cells, and opening 
into the intercellular cavities beneath them, are certain 
orifioes which, from having some faint resemblance to 
the Ups and mouth of an animal, are called stomates, 
from a Greek word signi^dng a mouth (fig. 128, a, s). 
Xhese orifices, which vary rery much in number, form, 
and arrangement in different plants, and which are 
commonly most abundant on the under sor&ce of 
leaves, are especially designed to allow a free com- 
mnnication between the intemal tissues of the plant 
and the atmosphere. 

' Hairt and Glands. — These have been already noticed 
in speaking of leaves (see pi^;e 40). They consist of 
one or more cells, variously combined, and with varying 
contents, which aie directly connected with the sorface 
of plants — that is, the epidermis, and hence they are 
commonly known as appendaget of the eptdermit. We 
have already seen that they vary much in form, appear- 
ance, and nature, and, so far lis their more important 
modifications, have been already suf&ciently described. 

6. "Intbbobij.iii.abBtbtbm.—'A-s the iBfferent kinds of 
pells are rery freque&Uy bGQn.de& V3 too&iSK&^^s&iicMt.^ 
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or more or less irregular outlines, it must necessarilj 
happen that when they come in contact they can 
only touch each other at certain points, hy which inter- 
spaces will he left hetween them, the size of which 
will vary according to the greater or less roundness 
or irregularity of their surfaces ; these constitute the 
interceUular system. In some cases these interspaces 
are filled up with solid matter, which glues, as it were, 
the cells together; this matter is called interceUular 
substance, and is analogous in its nature to the cuticle 
already descrihed. In other cases these interspaces 
form continuous canals, called intercellular canals or 
passages; or large circumscrihed canities called inter* 
cellular spaces. These spaces are either filled with air, 
and are then termed air cavities, or with the peculiar 
secretions of the plant, when they are distinguished 
under the name of receptacles of secretion. 

QUESTIONS. 

1. What are the yessels of plants ? 

2. What is meant by cellular tissue ? 

8. In what plants and parts of plants do we find oellnlar tiisue ? 

4. What is woody tissue ? 

6. Where is woody tissue found ? 

6. For what purposes is woody tissue especially adapted ? 

7. What is vascular tissue ? 

8. What are pitted vessels ? 
0. What are spiral vessels ? 

10. What are annular, reticulated, and scalariform vessels ? 

11. What are laticiferous vessels ? 

12. What is the structure of Thallogens ? 

13. Of what tissues are plants made up which are above tho 
Thallogens ? 

14. what is epidermal tissue, where is it found, and of what 
does it consist ? 

15. What is the epidermis, and where is it found ? 

16. In what plants does the cuticle replace the epidermis ? 

17. What are stomates ? 

18. What are hairs and glands ? . 

19. What is meant by appendages of the epidermis? 

20. What is meant by the intercellular system ? 

21. What is intercellular substance ? 

22. What are intercellular canals, intercellular passages, and 
intercellular spaces ? 

28, What are air cavities? 
^, Wbzt do yon nnderstaod by a Tecetpitaide of MGietioa ? 
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ORGANS OF NUTRITION. 

Section I. — Op the Stem ob Ascending Axis. 

In the first part of this little work we commenced 
our description of the organs of nutrition with the root, 
but so far as internal structure is concerned it is far 
better to treat of the stem first, and afterwards, when 
noticing the root, allude especially to those characifcers 
by. which it is distinguished from the c^m. A stem 
in its simplest condition, as ip. Mo^se^. (fig. IC^))^ con- 
sists merely of ordinary cellular tissue, Bbrengtnened by 
a central bundle of woody tissue; but in all plants 
above the Mosses the stem is made up partly of cellular 
tissue and partly of fibro-vascular, and hence in de- 
scribing the internal structure of such stems w^ have to 
distinguish the cellular system^ which forms tbeir soft 
portions, and ^ejibro-vascular system, which ^6nstitutes 
their hard parts, and gives tiiem their requisite streitgth 
ttnd toughness. 

In their intemar structure the stems of plants are 
iBubject to numerous modifications, all of which ^eia 
a great measure due to the different ways in which ^e 
fibro- vascular system is distributed amidst the cellular. 
All these modifications may bo, however, in their essen- 
tial characters reduced to three, two of which are found 
iiiTlowering, and one in Flowerless plants. As illuET- 
trations of the two former, we will iske an Oak and a 
!Palm stem ; and of the latter, the stem of a Tree- 
fern. 

Upon making a transverse section of an Oak stem 
(fig^ 129) we fiind that the two systems are so arranged 
as to exhibit a distinct separation of parts. Thus we 
have a central one, m, called ^epiih; an external part, 
c, e, OT ba^k; an intermediate portion or wood^ r, disr 
persed in concentric layers ; and little rays, 5^ cotrn^V 
iug the pith tod thei baik, teim^^ wa^mX^wtx^ Va^v 
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Such a stem grows esBentially In diameter by sncoeseiTe 
additions of new matter <m tha oateide of its wood, and 
hence it is called EsogenouB (from two Qreek words 
signifjing o Uide ^wen) 




Fip. 129. — TronsTeise section of an Oak Branchy 

n, pith ; e, t, bark ; r, wood ; h, medullary "■ 

yena section of the Btem o( a Palm : m, del .,,.._ 

TMCuIar bundles ; b, rind or litlse baik. 

In a transverse section of a Palm stem (fig. 180) no 
sncli separation of parte can be noticed, but upon 
making a transverse section we observe a general mass 
of cellnlar tissne, m, and the fibro-vascnlor syatem 
scattered irregularly tbroaghont this in the form of 
separate bandies,/; and the whole is covered exter- 
nidly by a kind of rind or fidse bark, h. Bach a stem 
grows by the addition of newbtmdlea, which are directed 
at first towards its interior, and hence it is called 
Endogenous (from two Greek words signifying innde 
groaera.) 

Upon making a transverse section of a Tree-fern 
(fig. 181) we observe the centre, tti, to be either hollow 
or filled with ceUnlar tissne, the fibro-vascolar system 
being arranged in irregular sinnons or wavy plates 
aionnd it, V V, and forming a eontinuoas or inter- 
rjipieA circle near the circumference, which consists of 
« tiad, e, iii««fflrabl6 &om the wood beoeath. Such a 




stem only grows by addition to its Bommit, and is hence 
called Aorogenooa (from two Gieek words aiguifying 
stanmit growen). 

Plants presenting the three kinds of stem just noticed 
eihibit certain differences 
in the stractnre of their 
embryo. Thns plants with 
Exogenons stems have an 
embryo with two cotyle- 
dons (figs. 1 and 9) ; those 
witli Endogenous stems 
have bat ont cotyledon in 
their embryo (fig. 2), while ' 
those with Acrogenons 
stems have no proper em- 
bryo, and conseqaently no 
cotyledons. Hence exo- 
genons stems are also 
termed IHcotyledonoM, en- 
dogenous stems Monoco- 
tyledonoiiM, and acrogenons 
stems Acotyledonous. 

We must now describe briefly these three kinds of 
stems, commencing with that presenting exogenous 
Btmctnre. 

1. ExoOBKOua Stem. — ^All the trees and large Bhmbs 
of this country, and those of temperate and cold ch- 
mates, are exogenons in their growth. In warm and 
tropical climates snch plants occur associated with 
fliose poaseasing endogenous and acrogenons structure, 
but exogenons plants are far the most abundant even 
in these parts of the globe. 

An exogenous stem presents, as we have seen, four 
distinct parts, namely, pith, wood, medullary rays, and 
bark. These mast be separately described. 

1. Pit/i (figs. 129 and 132, m).— This is commonly, a 
continnona column of cellular tissue, as may be well seen 
in the Elder, situated at, or towards, the centre of the 
stem. It is not continued into Uk!% ^<»l'v,^ 



Fig. 131.— Tranaverea lection 
ot tfie atem of a Tree Fem: 
m, cellulBT tiseae, wbich 1b 
wasting in the centre ; c, >, 
fibro-vaEcnlar bundles; c, lind. 
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always connected with the tenninal and lateral leaf-buds. 
The cells of which it ia composed present an angular 
fonn (fig. 132, m). When first produced it has a greenish 
eolonr and is soft and juicy, and is then in an active 
condition, but after the first year its activity ceases ; it 
no longer increases in thickness, and it aooil becomes 
dry and colourless, and commonly tnore ot leSB 
broken up, BO as no longer to form a continuous colmnn. 

2. Wood. — This is placed between the pith and 
the bark, and is separated into wedge-shaped bnUdles 
by the passage through it of the medullary rays. ' 

For each year's growth of the wood we have one 
circle or zone of wood, the zones of successive yeats 
being placed on the outside of the previous ones, and 
hence tbe name exogenous which is applied to siuh 
stems (fig. 129, r). Each of these s 

year, liag 
essentiaQ; 
ibe 
trnctnre, 
'consifita 
of woody 
tisane (fig. 
182, Jt\ a- 
J which 
are distri- 

Pig. 132.— TartJcal eection of a vomw lH»iich of i,„iaJ ;„ 

Common Maple magniaed: m, pith; (, spiral ''"''™' « 

voBsels ; Jl, woody tiesne ; vp, pitted TeeaOa ; c, varyiM a- 

cambinni layer; ft, liber tiBaoB; et UticifBroiig bundanGfiiu 

VMBrte; CO, inidiflelayer(rfb«k;j», corky layer j-ff^.VLi 

ofbark;<!p, epidetmis. dlffereat 

plants,soili6 

vessels which in perennial plants are principally of the 

kind called pitted, vp ; but in herbaceous stems other 

vessels, such as annular, also occur. The vessels niAy 

be readily known in a transverse section by the large 

size of their openings. 

Site zone fonmng the first year's growth has the 

tMae Btractare aa tiie zones pt BuceeBma -sftwrii, ^s^ 
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mik the addition of an interrnpted sheath of spiral 
vessels on its inside immediately sorrounding the pith 
(meduUa), BXid to which the name of medullary sheath 
1^ commonly applied (fig. 182, t). 

The structure of uie zones is also somewhat dif- 
ferent in certain plants. . Thus in those of the Fir 
trihe,, and in all Gymnospermous plants, there are 
hut few or any pitted vessels, and the cells of which 
the woody tissue is made up are. larger than those of 
ordinary woody tissue, and have peculiar markings ,in 
the form of little circles or discs surrounding a centrf^l 
dot (fig. 116). 

..These layers of wood are formed in successive zonei^ 
from a layer of vitally active cells, that is, cells con- 
taining protoplasm, &c., which is placed on their out- 
side, and to which the name of cambium layer or qam- 
Hum has heen given (fig. 182, c). From the same 
camhium new hark is also formed each year ; and as 
th^ hark is placed outside the wood it is endogenous 
ii^its growth, instead of exogenous as the wood. 

, The annual layers of wood when first formed are in 
an active condition, their component structures heing 
gorged with fiioid or sap, which they are transmitting 
upufards from the root to. the leayes. As they increase 
in age« hpw^Vipr, their w^Uei become thick^ed by 
various deposits from ^e sap, of which they are the 
carriers, so that their cavities become ultimately nearly 
obliterated, and are thus rendered almost or quite im< 
pervious^ Thi^ change is more especially evident in such 
tre^^ afi^ the Ebony^ Mahogany, ^d Lignum Vit»,. where 
the thickening deposits are pf a coloured nature. , The 
value of wood, as timber depends chiefiy npon the cha- 
racter pf this incrusting matter, and is commonly in 
prppQ;rtion tp its colour; hence coloured woods are far 
harder and more durable than, white woods, such as^the 
Poplar and ^e Willow. 

^- As all t^ active processes of an exogenous plant ^i^<a 
ijms carried on in the oulet \ai^et% cS- HJaa -^^^rj^^ ^^ 
bav^ an ^o^lanation of tiDLe;i^^oxi^\sg>"iJ«i»^. ^'^^^^^^^ 
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to live and pnt forth new branches when its central part 
is destroyed, as we find is frequently the case in the 
trunks of old trees. 

The two portions of the wood thus readily distingiiish- 
ahle in most plants receive different names. The soft, 
new, outer, colourless wood, is termed the Sap-wood or 
Alburnum; and the hard, older, dry, coloured wood, is 
called the Heart-icood or Duramen, 

Age and Size of Trees, — a. Age, — As each zone of 
wood in an exogenous stem is produced annually, it 
should follow that by counting the number of zones as 
seen in a transverse section of the wood of a tree we ^ 
ought to be able to ascertain its age ; and this is true, 
witii a few exceptions, when such trees are natives of 
cold and temperate climates, because in these we have a 
winter where there is a cessation of growth, and conse- 
quently the limits of each zone are accurately defined. 
But in such trees, when grown in warm climates, it is 
generally difficult, and in some cases impossible, to . as- 
certain their age in this manner. This arises either from 
certain peculiarities of growth, or, far more frequently, 
because there is no complete season of repose in such 
regions, and hence the annual zones are often indistinct, 
and not therefore readily distinguishable from one another. 

Exogenous trees frequently live to a great age, and 
although it is probable that in some cases their age has 
been overrated, it seems tolerably certain that Yews will 
live at least 1,500 years, Oaks 1,200, Lime Trees 1,200, 
and Olives 1,000 years. Other trees, such as the Mam- 
moth Pine of Oregon {Wellingtonia gigantea), probably 
attain to at least 8,000 years old, and when we find that 
these trees have been seen 450 feet high, such an age 
would appear to be Jby no means an extravagant estimate. 

h. Size, — Trees not only live to a great age, but they 

also frequently attain an enormous size, which indeed is 

in itself, in some degree at least, a proof of their great 

ag^e. Thus the Mammoth tree just mentioned has been 

measured 116 feet in circumieieiice «Ai \Niek \>^%^\ ^<ft 

Chestnut tree of Mount Etna ib lftOioe\.m^cc!ODL\ ^oma 
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Cedars of Lebanon have a girth of more than 40 feet ; 
and even Oaks in this conntry have been measured more 
than 50 feet in circumference. 

8. Medullary Bays, — These consist of flattened six- 
sided cells, called tabular cells, which are placed one 
above the other like the bricks in a wall, and are so 
arranged that in a transverse section of the wood they 
are seen as fine lines connecting the pith and the bark 
(fig. 129, h). The medullary rays constitute the sUver- 
grain of cabinet-makers, and it is to their presence and 
characters, more than to any other cause, that the 
varying appearance of different woods is due. 

4. Bark, — The bark is situated on the outside of the 
stem immediately surrounding the wood, to which it 
is organically connected by the cambium layer and 
mediiUary rays (figs. 129, c, ^, and 182). When fully 
formed it consists of three distinct layers, the two outer 
of which belong to the cellular Fystem, and the inner 
to the fibro-vascular. The ovter layer consists of 
flattened tabular cells, and has a corky texture, and is 
hence frequently called the corky luyer (fig. 182, p). 
It is this layer which in the Cork-oak constitutes the 
very valuable substance known as Cork ; and it is this 
layer also which gives to the young bark of trees their 
peculiar colour, that is, other than green. The middU 
layer, c, is composed of angular cells filled with chloro- 
phyll, by which it may be distinguished from the outer 
layer; and it is also from this cause that it is called 
the green layer. 

llie inner layer (fig. 182, fc and vl) is by far the 
most important, as it continues in an active state, like 
the outer zones of the wood, as long as the plant lives, 
which is not the case with the two outer layers of the 
bark, which lose their vitality after having arrived at a 
certain age. This inner bark consists of thick-sided, 
very tough woody tissue called liber tissue, fc, bound 
together by cellular tissue, and containing also some 
laticiferous vessels, vl, j 

Thia inner bark is coTmaoTJq \xiRr^ni ^^ *^^ >2*i«tJ 
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because after a few years' growth it may be separateid 
into thin layers (which represent annual growths) like 
the leaves of a book; or this name may have been 
derived £rom this layer of the bark having formeriy been 
used for writing upon. 

2. Endogenous Stem. — ^In this country, as already 
stated, there are no indigenous trees or large shrubs 
exhibiting this mode of growth, although we have 
numerous herbaceous plants, such as Grasses, Bushes, 
&o,f which do so. But it is in warmer regions, and 
especially in the tropics, where we find the most 
striking and characteristic illustrations of such stems, 
and of these the Pahns are by far the most remarkable. 
The appearance of such plants, even externally, is very 
different from that of exogenous trees, for the stems of 
Palms are commonly of the same diameter throughout, 
being uniformly cylindrical from below upwards, instead 
of conical, as is ti^o.^se with those of exogenous treep, 
and frequently rise to the height of 150 feet or more^ 
usually without branching, but crowned at their summit 
by an enormous tuft of leaves. 

Upon making a transverse section of a Palm steiai 
(fig. 130) we find, as already noticed (page 114), no such 
separation of parts into pith, wood, medullary rays, and 
bark, as occurs in an exogenous stem ; but tiie cellular 
system, m, is more or less diffused over the entira 
surface of the section, while the fibro-vascular system, /^ 
is arranged vertically in this in the form of separata 
bundles, and the whole is covered externally by aceUuIoil? 
and fibrous layer called the false bark or rind, b. 

Internal Structure. — ^In such stems, as in tjbose ckT 
exogenous plants, we have both a cellular and fibre? 
vascular system to describe, but we have but few 
remarks to make as regards the celltilar system. Thia 
commonly consists of angular cells, the walls of whiob 
are soft and thin in herbaceous plants, but thickencjd 
i9isd bard like wood in endogenous trees, such as Pahzis^ 
serving thus to bind the separate fibio-NBii^CiTilwc bundles 
^^ a hard wood-like mass. 



STBUGTUBE OF THE STEM. 



121 



Fig. 188. 4 



The great peculiarities of an endogenous stem essenti- 
ally depend upon the fibro-vascvlar system. The separate 
vatctdar bundles, as they are conunonly called, of which 
this is composed, may he traced to the leaves, from which 
organs they are at first directed towards the interior of 
tiie stem, along which they generally descend for some 
distance, and tiien gradually curve outwards again, and 
terminate at the circumference (fig. 183). The bundles 
consist at first of cellular tissue, 
in which are dispersed woody 
tissue and vessels of different 
kinds, but in their progress 
downwards they gradually lose 
the vessels, and on their termin- 
ation at the circumference they 
consist simply of woody tissue 
bound together by cellular tissue ; 
and it is the ends of these vas- 
cular bundles which form the 
false bark of such trees. 

As the bundles are successively 
de(veloped, they are always de-* 
posited at first towards the centre, 
that is, within those previously 
fon^ed., Hence it naturally fol- 
lows that the latter will be gradu- 
ally pushed outwaxds, so that the ^ ^^* J?^- "" ™*?S1 

r "j A vu. TT «*« , wx u «xiu 8iio,,^g the course of tlwf 
outside ox SUCn stems win always fibro-yaiscalar bundles in 
exhibit a closer aggregation of an endogenous stem: a, 6, 

bundles than the inside, and m % ^> 5^!S"'*1S^" ^'^' 

vuM\uo» «uc«^ ««w uio«««%7, «**« ux ^^^ Bhowing their course 

such sterns^ therefore, the hardest down the stem. 
part is on the outside, and the 
softest inside, directly the reverse of what occurs in 
those of exogenotus growth. From their mode of growth 
such stems are therefore called endogenous, a term, 
however, which is not strictly correct, for aliliough the 
bundles are internal above, they are external below. 

Ag$ of Endogenous Sttww. — TltkKt^ Sss^ ^'^ ^b^^^^^^c^s^r.- 
toy means of ascext^ining ttia ^^ cj^^xwSQLHssfe^^'^^'^^ssss*^ 
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of exogenous plants, for there is nothing in their internal 
stmctore which will give ns any clue for its determina- 
tion. The hest means of ascertaining the age of Palms 
is by noting their increase in height in any one year's 
growth, and then as such stems grow almost uniformly 
in length in successive years, by knowing their height 
and annual growth we can approximately determine their 
age. It is obvious, however, that fluch a mode of ascer- 
taining the age of endogenous trees is of limited 
applicability, and it is moreover by no means to bo 
depended upon. 

8. AcROGENous Stem. — The simplest form of such a 
stem is seen in Mosses (fig. 107), and the highest in 
Ferns (fig. 111). In this country Ferns even are but 
insignificant illustrations of acrogenous growth, for in 
our Ferns the stem merely runs along lie ground, or 
burrows more or less beneath it, and sends up its leaves, 
or fronds as they are more properly called (page 99), 
into the air, which die down yearly. But in warm 
regions, and more especially in the tropics, we find 
Ferns in the highest state of development. Here the 
stem rises to the height of fifty, sixty, or more feet, and 
bears at its summit a tuft of leaves. In their extemid 
appearance, therefore. Tree-ferns have great resemblance 
to Palms in bearing their foliage at their summit, in 
having no lateral buds to produce branches, and from 
being of nearly nniform diameter from below upwards. 

Internal Structure, — The appearance which a Tree- 
fern stem presents upon making a transverse section 
has been already described (page 114). The cellular 
system, which is only clearly observable in young stems 
(the centre being hollow in old trees), is composed of 
thin-walled angular cells, knd is analogous to the pith 
of exogenous plants. The fibro-vascular system forming 
the wood is arranged in the form of wavy plates forming 
a contmuous or interrupted circle just within the circum- 
/erence (£g, 181). These plates or fibro-vascular bundles 
consist extemaJly of thick-sided, dwck, \i«t^, 'voody 
tissue, enclosing cellular tissue, in -s^VsIcYl \aAftLet->SBA 
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vessels are more especially to be fonnd. On the out- 
side of the stem we have a hard rind, which is composed 
of hard dark- coloured woody tissue, covered externally 
by cellular tissue. 

Such stems grow by additions to their summit, and 
hence they are called (wrogenoxis ; the stem in reality 
being here formed of the bases of the leaves or £ronds 
which carry up the growing point with them. 

There is nothing in the internal structure or external 
appearance of such stems to indicate their age. 

QUESTIONS. 

1. What is the stmctiire of the stem of a moss ? 

2. Of what stmctuies do the stems of all plants above mosses 
consist? 

3. How many principal modifications of stems are fonnd, and in 
what plants ? 

4. What are the parts seen In a transverse section of an oak 
stem? 

5. What is meant by the term exogenous ? 

6. What are the parts seen in a transverse section of a palm 
stem? 

7. What is meant by the term endogenons ? 

8. What do we observe in a transverse section of a tree>fem ? 

9. What do we mean by the term acrogenous ? 

10. In what class of plants are exogenous stems found ? 

11. In what class of plants are endogenous stems found ? 

12. In what class of plants are acrogenons stems found ? 

1. Exogenous Stkm. 

18. Where are exogenous trees found ? 

14. What are the parts of an exogenous stem ? 

15. What is the pith, and with what parts is it connected ? 

16. What is the structure of the pith, and what is its appearance 
in youne and old stems ? 

17. Where is the wood situated, and how is it arranged ? 

18. What is the result of each year's growth of the wood ? 

19. Of what structures are the annufu zones composed ? 

20. How may the vessels of the wood be known ? 

21. What is the difference in structure between the zone of the 
first and successive years ? 

22. What peculiarities of structure does the wood of gymno- 
spermous plants present ? 

23. What is the cambium layer, and what parts are developed 
from it? 

24. What are the differences between the zones of wood when 
first formed and when they have ativ?^ «»\> ^ cetXaMCL^sg^l 

25. In what plants are Buch. d\i£.exen!Q^T&»f^\> O^^^'d.^ ^rsas^^*^ 

26. What are white wooda? 
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27. What woods are moat yaluable as timber ? 

28. WMcn is the most active part of the wood ? 

29. Explain the reason why the oentre of the wood may be de- 
stroyed, and the plant oontinne to live. < 

80. Explain the terms albnmum and duramen. 

81. How would you ascertain the age of a tree ? 

82. Is it possible to ascertain the^ age of exogenous trees -with 
equal facility in both cold and warm climates ? 

38. What interferes with the distinctness of the annual layers of 
exogenous trees in warm climates ? 
34. Give some examples of the age of trees. 

85. What is the height of the 2&mmoth tree ? 

86. Give some examples of trees of largo size. 

87. Whatare medullary rays ? 

38. What is the silver grain ? 

39. Where is the bark placed, and of what does it consist ? 

40. Describe the structure of the outer layer of the bark. 

41. Why is it called the corky layer ? 

42. What is the structure of the middle layer ? 

43. Why is it called the green layer ? 

44. In what respect is the inner layer the most important part of 
the bark? 

46. What is the structure of the inner layer ? 

46. Why is it caUed liber? 

2. ENDOGBirons Stbm. 

47. Where are endogenous trees especially found ? 

48. In what particulars do Palms in their external appearaooe 
differ from exogenous trees ? 

49. What do we see in a transverse section of a Palm stem ? 

50. What is the false baifk or rind ? 

51. What is the structure of the cellular system of an endoge- 
nous plant ? 

52. Describe the growth of the vascular bundles. 

53. What is the structure of a vascular bundle ? 

54. Which is the hardest part of the stem of a palm, and tiie 
cause which leads to it ? ,/. i 

55. What is the origin of the term endogenous ? 

56. How is the age of an endogenous plant determined ? 

57. Is the calculated age of endogenous plants to be depended 
upon? 

8. AOROaBKOUS Stkm. 

58. What is the simplest form of an acrogenous stem, and what 
the highest ? 

59. In what do ferns of this country differ in their general appear- 
ance ^m those of warmer regions ? 

60^ What is the external appearance of f^ tree-fern ? 
61. In what respects does it resemble a palm ? 
S2l What are the appearances presented by a transverse sectioh of 
a tree-fern ? 
63, DeacrDie the cellular system of a tree-ieipn, 
64' DcBcribe the fibro-vascnlar system, ol atcee-leani. 



.V ■ 



STBtrOTCBE OF TBI! BOOT. 



126 



65. Of what does the rind of a tree-fern consist ? 

66. How does a tree-fern grow ? 

67. What is meant by the term acrogenons ? 

66. Is there any means of Ascertaining the age of a tree-fern ? 



Section II. — Op the Root ob DESOENDiNa Axis. 

In its growth and internal structure the root, in 
netgrly all its essential cliaracters, resembles the stem ; 
bu,t it presents certain peculiarities which we now pro- 
ceed to describe. In the first place, roots do not grow 
throughout their entire length like stems, but only just 
within thjeir extremities, which are gradually pushed 
forward and renewed. Thus the apex of a root is always 
clothed by a layer of denser tissue than that which is 
in^thin it, and this forms a sort of protecting shield to 
the young extremity of the root. Boots increase in 
diameter in the same manner as stems. 

Boots are covered externally by a modified epidermis 
*-4hat is, by one or more layers of flattened tabular 
icells, but without stomates ; this is also furnished with 
hair-like prolongations, which are commonly termed 
fibrils, 

Jnternai 8tructv/re. — ^In exogenovs plants the root in 
its internal structure resembles the stem, except tibat 
it has commonly no pith, or medullary sheath; hence 
the fibro- vascular system here forms a central axis^ In 
endogenous plants the internal structure of the root 
corresponds in every particular to that of the stem; 
and the same is the case with the roots of acrogenous 
plants. 

{QUESTIONS. 

1. In what respects does the root resemble the stem ? 

2. How do roots |;row in length ? 

8. How do roots mcrease in diameter? 

4. What is the nature of the covering of roots ? 

5. What are fibrils? 

61 What are the pecnliarities of stnicture between exogenous stems 
and roots? 

7. Do the roots of endog^ioua and «fiXCi^giSQ!:s<o& ^^^sasfis^^^viSBss^^i^s^ 
diSerences of stmctuxe tcom ^<d «\«s&& q1 v^^^^^^ss^*^ 
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Section III. — Op the Leaf. 

Leaves, with reference to their structure, are divided 
into atrial and submerged. By the former we mean 
those that Hve entirely or partially in the air, and by 
the latter those that, dwell wholly immersed in water. 

1. Aerial Leaves, — The simplest leaves, as those of 
Mosses, are formed simply of cellular tissue ; but in 
plants above these they consist of both a cellular and 
fibro-vascular system, the latter of which is in direct 
connection with that of the stem or branch. The cellu- 
lar system constitutes the soft parts of the leaf, and 
the fibro-vascular system the hard parts, which, by 
their ramification, form the veins. The whole is 
clothed by the epidermis, which is furnished with 
stomates, hairs, and glands, in the manner already 
described (pages 110 and 111). 

In most leaves the fibro-vascular system is double, 
and in dicotyledonous plants the upper layer is then in 
connection with, and corresponds in structure to, the 
wood, and the lower layer is continuous with the liber 
or inner bark, with which it also agrees in structure. 
This double layer may be readily seen in what are 
called skeleton leaves, or those in which the cellular 
tissue between the veins has been destroyed by macera- 
tion in water or by some other means. The leaves 
lying in a damp ditch in the winter months will afford 
good illustrations of such leaves, or they may be arti- 
ficially prepared by maceration in acidulated water and 
in other ways. 

The cellular tissue surrounds the veins (fig. 184, /v), 
and is placed between the epidermis of the upper and 
lower surfaces of the leaf. The cells, ps, beneath the 
epidermis, es, of the upper surface of the leaf are com- 
monly closely compacted, and have but few or any 
intervals between them ; but the cells, pi, below the 
epidermis, ei, of the under surface of the leaf are 
Jooseljr arrangeSi, and have numerous interspaces (fig« 
2^, /), TMa difference in the arrwa^^^ment of thct 
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eella beneath Uie two Bor&oes of leaves arises from the 
fact tiiat stomates are more abnndant on the epidermis 
of their tmdet Burface, and have cotreaponding inter- 
epaceHinthe Fig.iw. 

cellular Ua- 
Bne beDeatb, 
by which a _ 
Hreacommti- ' ' 
nicatioQ be- 
tween the 
interior of 
the leaf and 
the external 
air, which is 
essential to 
the due per- 
formance (^ 
its fnuc- 
tions is 
maintained. 

Inthefloat- ^ie- 134. — Hiebly magnified vertical aectioa of 
inir leaves *^ ^ °* ' Melon : e*. epidermal tisane of the 

/^ ,. nppar amrfaoe, funuBhed with haira, p, and ato- 

01 aqnaue mates, X ; ei, epidermal tiBBue of the lower enrfaco : 
plants, as Pf> tliiea layen of cells beneath npiier anrf soe ; 

ih. tomato a.",?.S5"A"r.""" ■■/'■ '" ' 

must I 

placed 

direct commnnioation with the air, thej are most 

abundant on the upper aor&ce, and the loose cellular 

tissue is then beneath them, and the compactly-arranged 

cells near the under Bor&ce — ^the position of ports 

being here, therefore, conqiletely reversed. 

2. Submerged Leaves. — In snch leaves we have no 
fibro-vaBcnlar tissue, and no epidermis famished with 
Btomatea, bat the whole leaf is made up of cellular 
tissue, except when much thickened, and then Bach 
leaves have large air-cavities (page 112), by which their 
specific gravity is diminished, and they are thus readily 
mspanded ia the water. 
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With the leaf we finish the de^ription of th^isftemal 
structure of all the organs which are necessaiy to t^e 
I3e of the plimt, and is ^11 the organs which succeed 
the leaf are constructed of the same elements, simply 
modified to adapt them to the peculiar functions they 
have to perform, their special description would involve 
much repetition, and is unnecessary in such an ele- 
mentary work as the present. 

QUESTIONS. 

1. What is meant by aerial and submerged leaves ? . 

2. What is the structure of the leaf of a Moss ? 

8. What structures are found in the leaves of plants b.bove 
Mosses? ' '. ''..■'■. 

4r. Desenbe the fibro-vaseular s^^tem of an aerial leaf in an 
exogenous plant. 

6. What are skeleton leaves, and how lire they prepared ? ' ' 

6. t)escnbe the arrangeonent of the cells beneam the epidcimis of 
the upper and lower sniiaces of a leaf. 

7. What is thib cause of this differenoe of arrangement in the cel]$ 
of the upper and lower surf ^itses of a leaf ? 

8. What are the peculiarities of structure presented \sj the flctotixig 
leaves of aquatic plants ? . • . , , 

9. What are the distinctive peculiarities of structitre ^Jetweeu 
submerged and aerial leaves? 

10. what is the tise of the air-cavities in thick submerged Ijoaves ? 



TSS END. 
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